The Spitzer Survey of Stellar Structure in Galaxies (S 4 G) is the largest available database of deep, homogeneous middle-infrared (mid-IR) images of galaxies of all types. The survey, which includes 2352 nearby galaxies, reveals galaxy morphology only minimally affected by interstellar extinction. This paper presents an atlas and classifications of S 4 G galaxies in the Comprehensive de Vaucouleurs revised Hubble-Sandage (CVRHS) system. The CVRHS system follows the precepts of classical de Vaucouleurs (1959) morphology, modified to include recognition of other features such as inner, outer, and nuclear lenses, nuclear rings, bars, and disks, spheroidal galaxies, X patterns and box/peanut structures, OLR subclass outer rings and pseudorings, bar ansae and barlenses, parallel sequence late-types, thick disks, and embedded disks in 3D early-type systems. We show that our CVRHS classifications are internally consistent, and that nearly half of the S 4 G sample consists of extreme late-type systems (mostly bulgeless, pure disk galaxies) in the range Scd-Im. The most common family classification for mid-IR types S0/a to Sc is SA while that for types Scd to Sm is SB. The bars in these two type domains are very different in mid-IR structure and morphology. This paper examines the bar, ring, and type classification fractions in the sample, and also includes several montages of images highlighting the various kinds of "stellar structures" seen in mid-IR galaxy morphology.
INTRODUCTION
Galaxy morphology and classification are an essential step in understanding how galaxies form and evolve. Morphology is rich in clues to the internal and external physical processes that have molded galactic shapes. It is, however, non-trivial to determine exactly what a given morphology actually implies about the history of a galaxy, because we only see the z≈0 end-product of all of these processes, whether secular in nature or not. Only by examining the collective morphology of galaxies, both nearby and very distant, in conjunction with physical data (such as luminosities, diameters, inclinations, and bulge properties) and numerical simulations of galaxy evolution, can we hope to piece together the general evolutionary paths of different classes of galaxies.
The Spitzer Space Telescope (Werner et al. 2004 ) opened a new window on galaxy structure at middle infrared (mid-IR) wavelengths. With the Infrared Array Camera (IRAC; Fazio et al. 2004 ), Spitzer provided four major IR bands for direct imaging: 3.6, 4.5, 5.8, and 8.0µm.
23 These bands cover a unique part of the galac-tic spectrum: the 3.6 and 4.5µm bands largely sample the photospheric light of old stars (Pahre et al. 2004) , while the 5.8 and 8.0µm bands reveal the dusty interstellar medium (Helou et al. 2004) . In all of these bands, star formation and the interstellar medium are evident to various degrees in the form of either emission lines or thermal emission from dust heated by massive stars. Most importantly, these mid-IR bands show galaxies mostly free of the effects of extinction and reddening, revealing previously hidden structures (e.g., rings in edge-on galaxies, or nuclear rings in the dusty central areas of some barred galaxies). The Spitzer Survey of Stellar Structure in Galaxies (S 4 G; Sheth et al. 2010 ) is the largest database of highquality mid-IR images of nearby galaxies available. Publicly released in 2013, the S 4 G includes 2352 galaxies imaged in the 3.6µm and 4.5µm bands, selected according to redshift, distance, apparent brightness, and galactic latitude. Because these filters are predominantly sensitive to the light of old stars, they trace the distribution of stellar mass. The primary goal of the S 4 G was to "obtain a complete census of the stellar structures in galaxies in the local volume." For this purpose, the images have been used for studies of structures in the faint outskirts of galaxies and of tidal debris (S. Kim et al. 2012) , the properties of thick disks seen in edge-on galaxies of types Sb to Sdm and profile breaks (Comerón et al. 2011a,b,c; , mid-IR flocculent and grand design spiral structure and star-forming regions (Elmegreen et al. 2011 (Elmegreen et al. , 2014 , conversion of 3.6 and 4.5µm light into stellar mass maps (Meidt et al. 2012 (Meidt et al. , 2014 Querajeta et al. 2014) , properties of stellar mass galactic rings (Comerón et al. 2014) , bar brightness profiles (Kim et al. 2014) , outer disk brightness profiles (Munoz-Mateos et al. 2013 , J. Laine et al. 2014 , quantitative morphology using cosmologically relevant parameters , mid-IR asymmetries and the mid-IR TullyFisher relation (Zaritsky et al. 2013 (Zaritsky et al. , 2014 , examination of a possible relation between nuclear activity and bar strength (Cisternas et al. 2013) , and for the photometric decompositions of bulges, disks, and bars in the mid-IR . Knapen et al. (2014) have also gathered high-quality optical images for about 60% of the survey galaxies.
The S 4 G also provides an opportunity to examine the mid-IR structure of a large number of galaxies from the point of view of classical morphological analysis, meaning the classification of galaxies in the well-known Hubble (1926 Hubble ( , 1936 system and its later offshoots (Sandage 1961; Sandage & Bedke 1994; de Vaucouleurs 1959) . This is worth doing for several reasons: (1) the value of visual classification has increased over the past 20 years owing to the explosion in imaging data available (e. g., the Sloan Digital Sky Survey) as well as to advances in numerical simulations and theoretical understanding of the processes that impact galactic shapes (Kormendy 2012; Athanassoula 2012) ; (2) Because the mid-IR provides the clearest view of galactic stellar mass morphology, the symbolism of classical morphological analysis IR (www.ipac.caltech.edu/outreach/Edu/Regions/irregions.html). Here we use mid-IR for all of the IRAC filters to distinguish them from the ground-based near-IR studies of the past that were in the IJHK bands (ranging from 0.8 to 2.2µm).
[i.e., SA(r)a, SB(s)bc, etc.] has more meaning than it did when the B-band, the waveband in which galaxy classification has traditionally been performed (as in, e.g., Sandage 1961 , Sandage & Bedke 1994 de Vaucouleurs 1959; Buta et al. 2007) , was the only band used for such analysis; (3) the high-quality of S 4 G images with respect to uniformity, depth of exposure, and resolution in the IR, and the detailed information the images provide on both nuclear and outer structure allows us to improve on the morphological types listed in published catalogues like the Third Reference Catalogue of Bright Galaxies (RC3, de Vaucouleurs et al. 1991) ; (4) examining such a high-quality database at the level of detail needed for classical morphological analysis can draw attention to special cases of interest; (5) classical morphological types in the mid-IR complement the quantitative analyses that are a major part of the S 4 G project (Sheth et al. 2010 ); (6) specialized visual classifications are still essential to the automated and crowd-sourced classifications that are a common practice in astronomy today, especially for high redshift studies (e.g., Coe et al. 2006; Huertas-Company et al. 2008; Lee et al. 2013) ; and (7) the large number of images that are homogeneous in sensitivity, coverage, and spatial resolution avoid the problems that would plague heterogeneous datasets. Buta et al. (2010a, hereafter paper I) presented a preliminary morphological analysis of nearly 200 S 4 G galaxies from the Spitzer archives, and showed that the old Bband classification systems could be effectively applied in the mid-IR. This did not mean that there were no problems in the actual application of a B-band system in the mid-IR, only that on the whole the classical systems could still be used for the majority of mid-IR galaxy types. Eskridge et al. (2002) came to the same conclusion using near-IR H-band (1.65µm) images. H-band types are compared with our mid-IR classifications in Section 3.3.
In this paper, we present a similar analysis to paper I of the entire S 4 G sample. We use the notation of the "Comprehensive de Vaucouleurs revised HubbleSandage" (CVRHS) system (e.g., Buta 2014) to provide classifications similar to, but more extensive than, those provided in the RC3. Much of the background for the survey is already described in paper I; only a brief summary will be provided here. In addition to an atlas of images of the 2168 S 4 G galaxies not included in the paper I analysis, we highlight specific aspects of mid-IR morphology (as well as interesting individual cases). Because the CVRHS has "evolved" since 2010 to include more features (such as ansae bars and barlenses; Section 4.3) and also uses aspects of the van den Bergh (1976) parallel sequence classification (following developments summarized by Kormendy & Bender 2012) , the present study includes a re-examination of the paper I galaxies.
GALAXY SAMPLE
The sample selection for the S 4 G is described by Sheth et al. (2010) . All galaxies in the Hyperleda database (Paturel et al. 2003) having an HI radial velocity (V radio ) < 3000 km s −1 (corresponding to a distance D < 40 Mpc for H o = 75 km s −1 Mpc −1 ), a blue light isophotal diameter D 25 > 1.
′ 0), a blue photographic magnitude m B < 15.5 (corrected for internal extinction), and a Galactic latitude of b > 30 o were selected for the survey. The orig-inal sample had 2331 galaxies (named in the on-line table accompanying Sheth et al. 2010) , but the final sample has 2352 galaxies owing to Spitzer's improved efficiency which allowed 21 galaxies satisfying the original criteria (except for HI detection) to be added. The additional galaxies are primarily HI-poor ellipticals and S0s. Of the selected galaxies, ≈600 had already been observed by Spitzer for other projects, and thus images were already available. New data were collected for the ≈1750 remaining sample galaxies. The pixel size for each image is 0.
′′ 75, achieved using the drizzle technique (Williams et al. 1996) on original images having a pixel size of 1.
′′ 2. The point spread function for the 3.6 µm images has a mean full width at half maximum of 1.
′′ 66 (1. ′′ 72 for the 4.5µm filter; IRAC Instrument Handbook), which limits the accuracy of the classifications of some of the smaller or more distant galaxies in the sample. The processing of all S 4 G images followed a pipeline with a number of steps (P1-P4) outlined by Sheth et al. (2010) .
The use of 21-cm radial velocities to select S 4 G sample galaxies introduced a bias against inclusion of gaspoor early-type galaxies, for which an HI radial velocity would not be available. The bias is being rectified in a supplementary survey (Sheth et al. 2013 ) of 465 earlytype galaxies that satisfy the same selection criteria as the original survey but using an optical radial velocity for the distance limit. With these galaxies, the full S 4 G will include 2817 galaxies. A comparable morphological analysis of these additional galaxies will be provided in a later study.
The images used for our morphological analysis are the Pipeline 1 (P1) images. These are the final, "science ready" mosaics where individual sub-images have been matched with regard to background levels and drizzled to get the final pixel scale. S 4 G images are generally much more sensitive to low light levels than are typical ground-based near-IR images, owing to the greatly reduced and much more stable background levels that space observations have compared to ground-based images.
Our approach to galaxy classification from the P1 images is the same as was used in paper I. The final P1 images were background-subtracted and then converted into units of mag arcsec −2 using a common (Vega) zero point of 17.6935. This type of "classification-ready" image has the advantage that all of the galaxies can be displayed in a homogeneous way; with the Vega zero point, the range 11.5 -26.5 mag arcsec −2 covered the full range of surface brightnesses for the sample. The same faint limit was used for most of the galaxies, but the bright limit was adjusted for individual objects.
Our final list has 2412 galaxies (NGC 4038 and 4039 are counted as one), 60 more than the extended S 4 G sample. All of the additional galaxies are companions or in the same area as an S 4 G sample galaxy. As in paper I, we include the full set of classification-ready images as an atlas (Figure 1 .0001). Each image was displayed on a 24-bit monitor within an area that is recorded in the caption to the image. Many, but not all, of the additional galaxies are covered in the atlas images.
Smaller or more distant galaxies in the sample are not well-resolved in the IRAC image. Even so, S 4 G images are of far higher depth than could ever have been achieved from the ground at near-IR wavelengths, espe- cially for low luminosity, low surface brightness galaxies.
Also as in paper I, only the 3.6µm images were used for the visual classifications presented in this paper. The reason is that these images tend to have a greater depth of exposure (and thus greater sensitivity to stellar mass) than the 4.5µm dataset. With azimuthal averaging of the luminosity distribution, Sheth et al. (2010) showed that these images can detect surface mass densities as low as ≈1M ⊙ pc −2 . Although 3.6µm is an excellent wavelength for seeing the distribution of stellar mass in galaxies, it is not perfect, and indeed no IR band perfectly traces such mass. The main drawbacks of the 3.6µm filter are contamination by "hot dust" and the inclusion of a 3.3µm emission feature due to a polycyclic aromatic hydrocarbon associated with star-forming regions (e.g., Meidt et al. 2012) . As shown by Kendall et al. (2008) , hot dust emission at 3.6µm can be removed using an IRAC 8.0µm image if available. However, most S 4 G galaxies do not have an 8.0µm image. Meidt et al. (2012 Meidt et al. ( , 2014 and Querajeta et al. (2014) use [3.6]−[4.5] colors and a technique known as "independent component analysis" to locate and remove young contaminants and derive stellar mass maps. Our morphological analysis is based on the original 3.6µm images and not on the corrected stellar mass maps. The main reason for this is that galaxy classification has traditionally been based on the distribution of luminosity and not the distribution of mass. The CVRHS system is a modified version of the de Vaucouleurs (1959) revised Hubble-Sandage (VRHS) system that is described in the de Vaucouleurs Atlas of Galaxies (dVA, Buta et al. 2007 ). More detail on the application of the system, and extensive illustrations of different CVRHS morphological features, is provided in the complementary reviews of Buta (2012;  IAC Winter school lectures on morphology and secular evolution) and Buta (2013;  phenomenology of galaxy morphology and classification). Table 1 provides a summary of the mean-ing of the notations of CVRHS morphology used in this paper.
The hallmark of VRHS classification is continuity of structure along three morphological dimensions (in the form of a classification volume): the stage, which refers to the E-S0-S-I position along a modified Hubble sequence (the VRHS sequence); the family, referring to the presence or absence of a bar; and the variety, referring to the presence or absence of an inner ring. In addition, there is a fourth dimension known as the outer ring classification, referring to the presence of a large ring in the outer disk. Because stage correlates with several basic physical properties of galaxies (e.g., average surface brightness, color, HI mass-to-blue light ratio), it is considered the fundamental dimension of the system.
The positioning of galaxies in stage depends on specific morphological characteristics: elliptical galaxies are defined by a smoothly declining brightness gradient and little or no evidence for a disk component; S0 galaxies are armless disk galaxies and form a sequence (S0 − →S0 o →S0 + ) of increasing structure ranging from subtle inflections in the brightness distribution (type S0 − ) to prominent rings (type S0 + ); spirals form a sequence (S0/a-Sa-Sab-Sb-Sbc-Sc-Scd-Sd-Sdm-Sm) of decreasing bulge-to-total luminosity ratio, increasingly open spiral arms, an increasing degree of star formation, and increasing asymmetry; and Magellanic irregular galaxies (Im) are the endpoint characterized by significant asymmetries, often a high degree of scattered star formation, and a significant range in luminosity.
The family classification ranges from SA for nonbarred galaxies to SB for barred galaxies, with an intermediate category of SAB to account for "weakly-barred" galaxies, or galaxies intermediate in apparent bar strength between SA and SB. Both relative bar length and bar contrast play a role in family classification. Although bars can be recognized in edge-on spiral galaxies (Section 4.3), reliable family classification is still something that can be done only for low inclination galaxies. High inclination can considerably foreshorten a bar, or confuse inner structure.
The variety classification ranges from (r) for a closed inner ring to (s) for an open spiral, with an intermediate category (rs) to account for partial inner rings having a spiral character (called "inner pseudorings"). The outer ring classification ranges from (R) for a closed outer ring to (R ′ ) for an outer pseudoring made of variable pitch angle outer spiral arms. Because outer and inner rings are similar aspects of galaxy morphology, we will henceforth refer to the conventional variety as the "inner variety" and the outer ring classification as the "outer variety" (Section 3.3).
The four parts of a VRHS spiral galaxy classification in order are:
(outer variety)-family-(inner variety)-stage. (R ′ ) SB (r) ab For example, the VRHS RC3 classification of NGC 1433 is (R ′ )SB(r)ab. If there is no outer ring or pseudoring, or if the inner variety cannot be determined, these can be dropped from a classification.
The distinction between inner and outer varieties is not always clearcut. Inner and outer rings and pseudorings are easily distinguished in barred galaxies because the bar usually fills an inner ring or pseudoring in one dimension, while outer rings and pseudorings are about twice the bar length in diameter. In the absence of a bar, the distinction may be ambiguous unless more than one ring is present. In some cases, it may not be possible to resolve the ambiguity from visual inspection alone.
The VRHS provides information on inclination through the "spindle" (sp) notation. A spindle is a highly-inclined disk galaxy. For example, the VRHS classification for NGC 4565 is Sb sp. It is too inclined to get a full classification with family and variety, but stage is still distinguishable. The sp after the stage points to its near edge-on orientation.
Peculiarities are recognized using "Pec" as the classification, or "pec" after a regular classification. For example, NGC 4038-9 is a well-known merger system with distorted components and tidal tails. The object does not fit into any VRHS "cell" and so is classified as "Pec." If instead, "pec" follows a classification, it implies something unusual about the object, often uncharacteristic asymmetry or odd shape.
de Vaucouleurs (1963) modified the VRHS to include underline notation for stage, family, and (inner) variety, where in a combined classification symbol such as Sab, Sbc, Scd, Sdm, SAB, and (rs), one symbol is underlined to imply that it is "closest to actual type." For example, a classification like SA(s)ab would indicate a stage Sab galaxy that is more Sb than Sa, SB(s)cd would be a stage Scd galaxy that is more Sc than Sd, etc. For family, an SAB galaxy shows only a trace of a bar (often merely an oval), while an SAB galaxy is more barred than nonbarred but not as strongly barred as an SB galaxy. Similarly, for variety an (rs) galaxy shows a well-defined inner ring only slightly broken by spiral structure, while an rs galaxy shows only a trace of an inner ring.
Although very useful [and applied in the Catalogue of Southern Ringed Galaxies (CSRG, Buta 1995) and the dVA], for practical reasons underline notation was not used in any of the reference catalogues (RC1, de Vaucouleurs & de Vaucouleurs 1964; RC2, de Vaucouleurs et al. 1976; and RC3). de Vaucouleurs (1963) also used underline notation sparingly: in his survey of 1500 bright galaxies, including 1263 spirals and S0s, underline notation for stages was used for only 2% of the galaxies, while underline notation for family and variety was used for only 9-10% of the galaxies. In VRHS classifications, the bulk of classifications will be in the main categories, while underline categories will generally be underrepresented.
Comprehensive VRHS Classification
What the CVRHS adds to the original VRHS system is recognition of details whose significance to galaxy structure and evolution has only recently been appreciated. For example, Kormendy (1979) showed that lenses, disk morphological features characterized by a shallow brightness gradient interior to a sharp edge, are prominent in barred galaxies and could be intimately connected with the evolution of bars. He argued that lenses were often misclassified as rings in RC2, and noted that there was a lens analogue of each type of ring in the VRHS. He suggested using the symbol (l) for inner lenses (analogue of inner rings) and (L) for outer lenses (analogue of outer An elliptical galaxy of visual flattening n = 10(1 − b/a), where b/a is the visual isophotal axis ratio (Hubble 1926 ) E + n A "late" elliptical of visual flattening n, a transition stage to the S0 class (de Vaucouleurs 1959) ; show slight traces of differentiated structure, usually subtle evidence of lenses (example: NGC 5846) or a faint outer envelope; also has been used as a "home" for Morgan cD galaxies in RC3 E/E + An E galaxy that in our Phase 1,2 analysis averages between E and E + (example: NGC 3226) E(d)n A disky elliptical galaxy of visual flattening n (Kormendy & Bender 1996) ; a subclassification of ellipticals having pointy outer isophotes that is visually detectable only for the most obvious or rings). 24 The significance of lenses to galaxy morphology was further established with the Near-Infrared S0 Survey (NIRS0S), a K s -band (2.2µm) survey of 206 early-type galaxies, including 160 S0-S0/a galaxies (Laurikainen et al. 2011 (Laurikainen et al. , 2013 .
An important question is how lenses differ from bulges. In the case of inner lenses, there is no ambiguity between these features because the bar tends to fill the lens in one dimension (Kormendy 1979) . However, there is another type of lens, called a "barlens" (Laurikainen et al. 2011 ) that can be mistaken for a classical bulge . These are discussed further in Section 4.3.1.
The recognition of lenses brings attention to other features known as ring-lenses, where the apparently sharp edge of a lens is slightly enhanced to appear as a low contrast ring. In CVRHS classification, we use the notation (rl) for an inner ring-lens and (RL) for an outer ringlens, with pseudoring-lens equivalents of (r ′ l) and (R ′ L),
24 Kormendy (2012) prefers the use of (lens) in place of (l) for inner lenses, to avoid possible confusion with (1). Here we continue to use (l) and (L) to be consistent with the dVA and the CSRG.
respectively. These are also used with underline notation to emphasize the ring or lens aspect.
The CVRHS includes recognition of important nuclear features, such as nuclear rings, pseudorings, lenses, ringlenses, bars, and disks (Buta & Combes 1996) . A nuclear ring (nr) is a small ring, often defined by star-forming regions, typically found in the centers of barred galaxies and on average ≈1 kpc in diameter . A nuclear lens (nl) is the lens analogue of a nuclear ring. A nuclear bar (nb) is a small bar often found within a nuclear ring or lens, or which may be present independent of these features. A nuclear disk (nd) is typically a distinct, highly-flattened feature seen most easily in edge-on S0 galaxies. Nuclear ring-lenses (nrl), nuclear pseudorings (nr ′ ), and nuclear spirals (ns) are also known. Similar to inner and outer rings, in CVRHS classification the presence or absence of a nuclear ring or related feature will be referred to as the "nuclear variety."
The fact that there are three ring types (R,r,nr) and three types of lenses (L,l,nl), with ring-lenses (RL, rl, 
Spiral and Irregular Galaxies
Spiral galaxy A galaxy where a spiral pattern is a major part of the morphology S0/a-Sa-Sb-Sc-Sd-Sm A stage sequence for spirals (with intermediate types Sab, Sbc, Scd, and Sdm) based on Hubble's three criteria: relative prominence of the bulge, the degree of openness of the arms, and the degree of resolution of the arms into star clusters or very luminous stars. Irregular galaxy A complex system characterized by an irregular distribution of star formation; this irregular distribution can, however, be embedded in a more regular background S0/a An S0/a galaxy that is closer to S0 + than to Sa (examples: NGC 522, 2681, 3626) nrl) as intermediate categories, all with a similar relationship to bar extent, could imply a close connection between rings and lenses in a dynamical or even evolutionary sense. Kormendy (1979) originally argued that inner lenses could be the result of secular dissolution of a primary bar. Comerón (2013) has most recently examined the ring-lens issue and concluded that once a starforming ring exhausts or is stripped of its gas, it may dissolve into a ring-lens in as little as 200 Myr.
Other characteristics considered part of CVRHS morphology include X-patterns, boxy/disky structures, outer Lindblad resonance (OLR) ring morphologies, warps, spheroidal galaxies, and other features described in more detail in the next Sections. CVRHS morphology also considers alternative points of view, such as the parallel sequence classification of van den Bergh (1976) where S0 galaxies are stripped spirals on a sequence parallel to regular spirals. Three recent studies have provided considerable support for this idea: Laurikainen et al. (2011 Laurikainen et al. ( , 2013 , Cappellari et al. (2011) , and Kormendy & Bender (2012) . In a cluster environment, parallel sequence classification is a more accurate view of galaxy morphology than the VRHS sequence, and provides a natural home for what Kormendy & Bender (2012) refer to as "spheroidal galaxies." Nevertheless, this does not negate the value of CVRHS morphology because CVRHS classification is, for the most part, purely morphological and not based on a "whiff of theory" (Sandage 2005) . [An exception is the OLR outer ring/pseudoring morphological subclasses (Buta & Crocker 1991) , which were theoretically predicted by Schwarz (1981) .]
Paper I described the application of the CVRHS to 200 S 4 G galaxies, where it was shown that, in spite of the significant differences between modern mid-IR digital images and the optical photographic blue-light plates that were the historical basis for the original VRHS system, many galaxies show the same essential morphological features in the mid-IR as in the B-band, allowing the effective application of the VRHS system to S 4 G images. There is no need to invent a new classification system to accomodate mid-IR galaxy morphology; instead, it should be sufficient to build on what we already have from studies of blue-light images. This does not mean that the "essential features" are defined in the same way in the two wavebands. For example, the degree of resolution into star-forming regions was one of Hubble's original criteria for classifying spiral galaxies into Sa-Sb-Sc bins. In the B-band, this resolution is determined by the distribution of aggregates of young blue supergiants.
In the mid-IR, however, these stars are not prominent. Instead, we see the thermal emission from the local dust heated by these stars. Paper I also noted that when CVRHS mid-IR stages were compared to RC3 stages, galaxies of types Sc and later or S0 + and earlier were often classified the same as in RC3, while intermediate stages such as S0/a to Sbc were classified about one stage earlier.
Even if it is possible to use an existing classification system effectively in the 3.6µm and 4.5µm IRAC bands, the classification of galaxies based on S 4 G mid-IR images can be difficult because of competing factors. For example, the contrast of the spiral structure in mid-IR light can be very low compared to the brightness of the background disk light. This can make it difficult to fit some galaxies into the CVRHS system, especially if a galaxy is small or distant enough to be poorly resolved. Another issue is the greater sensitivity of the IRAC bands to old stellar population bulges [also known as classical bulges (Kormendy & Kennicutt 2004 , Athanassoula 2005 ], while at the same time being less sensitive to spiral structure. The galaxies that show the most drastic differences between mid-IR and B-band morphology are usually those having considerable internal dust extinction, such as edge-on spirals, starburst galaxies, and major or minor merger systems. Extinction in the mid-IR bands is less than 5% of that in the B-band, and generally allows fairly good penetration into thick planar dust layers. S 4 G images do allow us to improve our interpretation of some edge-on galaxies, but even so classification is still difficult for highly inclined galaxies. The classification of the full S 4 G sample was carried out by R. Buta in three phases: Phase 1, the initial examination of the full dataset as data were being collected; Phase 2, a re-examination of the full dataset made more than a year after data collection ended and without any reference to the Phase 1 results; and a partial (10%) Phase 3 made 6 months after Phase 2 (also without reference to the previous phases) to better assess the internal consistency of the types derived by averaging the full Phase 1 and Phase 2 catalogues (Section 3.3).
25
Table 2 provides the classifications from Phases 1 and 2. (The Phase 3 classifications are listed in the Appendix.) A visual comparison shows generally good agreement between them, with differences appearing to be mostly random. Of the 2412 galaxies, the Phase 1 and 2 classifications are identical for 382 galaxies, or 16% of the sample. Restricting to the stage classification alone, 25 We thank the referee for suggesting this approach.
the agreement is better, with 1370 (57%) of the sample classified identically and 659 (27%) differing by only ±1 step (e.g., as in Sab vs. Sb), 167 (7%) differing by ±2 steps (as in Sbc vs. Scd), and 83 (3%) differing by more than ±2 steps. Some of the cases of large disagreement are galaxies which appear to be of an early type, yet have little or no bulge. These have classifications such as "SB(s)0/a [d] ," where the " [d] " is meant to highlight the apparent lack of a bulge [alluding to the van den Bergh (1976) parallel sequence idea]. This inconsistency could be real, but could also partly be a resolution effect in the sample.
For 1709 galaxies where it was possible to reliably assign family classifications, the Phase 1 and 2 classifications were identical for 1160 (68%) of the sample, and differed by one classification interval (e.g., SB vs SAB for 264 (15%), two intervals (e.g, SAB vs. SB) for 264 (15%), 3 intervals (e.g., SAB vs. SB for 6 (0.4%), and the full range (e.g., SB vs. SA) for 15 (0.9%) of the sample.
The classification and recognition of inner and outer ring and lens features can show variation, with some A galaxy showing a prominent X or box/peanut structure in its inner regions; often seen in edge-on galaxies, the box/peanut/X shape is believed to be a manifestation of vertical resonant orbits in a bar potential, thus it indicates the presence of a bar (Athanassoula 2005 ). An X may also be seen in the clear bars of non-edge galaxies Erwin & Debattista 2013) classifications in one phase not being noted in the other phase. In 14 cases in the catalogue, the same feature has been classified as an inner ring or pseudoring in one phase, and as an outer ring or pseudoring in the other. As noted in Section 3.1, such ambiguities can occur especially for nonbarred or very weakly-barred galaxies (Buta 1995) . We adopt either the Phase 1 or Phase 2 classification for such cases, after a re-inspection of the image.
Comparison of Classifications
In this Section, we use our independent classification phases to examine the internal agreement of CVRHS stage, family, and variety classifications of S 4 G galaxies. The stages and families are also compared with other sources.
For comparing classifications, and also for combining the Phase 1 and 2 catalogues, the letter classifications were coded with numbers (Table 3 ). For stages, the standard numerical T index, which ranges from T = −5 for E galaxies to T = +10 for Im galaxies, was used as in RC3. For family classifications, following Baillard et al. (2011) we defined an index F which ranges from 0.0 for SA galaxies to 1.0 for SB galaxies. We then set F = 0.25, 0.50, and 0.75 for SAB, SAB, and SAB galaxies, respectively. Similar codings were used for inner ring/pseudoring/spiral and outer ring/pseudoring classifications. In Tables 3 and 4 , these are referred to as the inner variety IV and outer variety OV , respectively. Although the parentheses in VRHS classifications normally include only a single outer or inner feature [e.g., as in (R)SB(rs)ab], CVRHS classifications can include multiple inner and outer rings, lenses, or nuclear features. This complicates combining Phase 1 and 2 classifications for some of the galaxies, which had to be treated on an individual basis. For most of the galaxies, the assignment of a T , F , IV , and OV index was straightforward. Nevertheless, we strongly emphasize that none of these numbers is a measured quantity; they are merely convenient codings for a given classification symbol. Table 4 shows how the Phase 1 and 2 < T >, < F >, < IV >, and < OV > values convert into final classifications for most of the sample. A "plume", usually seen as a secondary spiral arc positioned just off the leading sides of a bright inner ring (Buta 1984) ; much rarer than inner rings or lenses (example: NGC 1433) (bl)
A "barlens", a feature recognized by Laurikainen et al. (2011 Laurikainen et al. ( , 2013 Laurikainen et al. ( , 2014 and Athanassoula et al. (2014) as the inner part of an early-type bar [examples: NGC 1433, 2787, 3351 (see Figure 11) ] Nuclear Varieties nuclear variety The nuclear variety classification refers to rings, lenses, bars, and other features that are often found in the centers of barred galaxies, but which may also be found in nonbarred galaxies (nr)
A nuclear (or circumnuclear) ring, a small star-forming feature found in the centers of barred galaxies but also sometimes seen in nonbarred galaxies (example: NGC 1097; see Figure 20 for others) (nr ′ )
A nuclear pseudoring, where the ring appears formed by a wrapped spiral pattern; in optical images, this character may sometimes be an artifact of inner dust lanes in bars (examples: NGC 1068, 1090) (ns)
A nuclear spiral, a type of feature that may also be an artifact of dust in optical bands (example: NGC 1022) (nl)
A nuclear lens; an excellent example in the S 4 G catalogue is NGC 4250 (nrl)
A nuclear ring-lens (examples: NGC 210, 1300, 1433, 5566) (nb)
A nuclear (or secondary) bar, a feature found in the centers of barred galaxies but which may also be found in SA galaxies (examples: NGC 1291, 1433, 4725) (nba)
A nuclear ansae-type bar (nd)
A nuclear disk, usually seen in well-resolved edge-on disk galaxies (examples: NGC 24, 678, 1532, 3079, 3628, 4111, 5907) (np) a "nuclear pattern," a nuclear structure of uncertain nature (tb) a triaxial bulge, an elongated central component whose major axis is misaligned with the galaxy major axis (psb) a pseudobulge, an elongated bulge component whose major axis is approximately aligned with the disk major axis (example: NGC 4536)
For some galaxies, the classification has two parts, as in "S0 − sp / E(d)7. This refers to an edge-on S0 showing a thin disk embedded within a disky (pointy-ended) E-like thick disk. (An example here is NGC 1032, shown in Figure 1 .0193.) In such a case, only the first part determines the T -index, which in this example is −3. Note that normal ellipticals are very rarely more flattened than E4 and genuine E galaxies are not necessarily found more flattened than E6 (van den Bergh 2009). The E(d) notation is from Kormendy & Bender (1996) , and was originally proposed for genuine elliptical galaxies. Two-part classifications recognizing a thick disk are only given for highly-inclined galaxies.
Stage and Family Phase 1,2 Comparisons
Figure 2 shows comparisons between the mean numerical type and family indices for the Phase 1 and 2 classifications for the full sample (top panels) and for the much smaller paper I subsample (middle panels). Filled circles show the mean T and F values for Phase 2 at each Phase 1 type, while the filled triangles show the mean T and F for Phase 1 at each Phase 2 type. The differences, ∆T = T 2 − T 1 and ∆F = F 2 − F 1 , can be used to judge how consistent the Phase 1 and 2 classifications are with respect to the refined divisions of CVRHS morphology.
The internal consistency of our Phase 1 and 2 stage and family classifications can be quantified using the numerical codings in Table 3 to calculate σ 12 (T ) = σ(∆T )
for all galaxies in the sample having stage and family classifications in both phases. From these, we estimate the standard deviation of a single T classification as
In a similar manner, when the Phase 1 and 2 classifications are averaged, we estimate the standard deviation of the mean types and families as σ(< T >) = σ(∆T )/2 and σ(< F >) = σ(∆F )/2, respectively.
The results of this analysis are compiled in Table 5 , which gives these standard deviations in units of 1 stage interval for T (∆T = 1.0) and 1 family interval for F (∆F A galaxy with an outer ring-lens and an outer ring, the latter being the smaller (example: NGC 3626) (RL,R ′ )
A galaxy with an outer ring-lens and an outer pseudoring, the latter being the smaller (examples: NGC 1367, 4351, 4826) (R ′ L)
An outer pseudoring-lens, where the outer ring shows azimuthal contrast differences like spiral arms (examples: NGC 1357, 2780)
"Outer Lindblad Resonance" Morphologies (R 1 ) A closed outer ring showing a shape resembling a broad figure 8; a subtly-dimpled oval ring, recognized as an OLR subclass (Buta & Crocker 1991; Buta 1995 ) (examples: NGC 1326 IC 1438, 4214) = 0.25). For the samples in the top frames of Figure 2 , the standard deviations between the phases are σ(∆T ) = 1.04 stage intervals and σ(∆F ) = 0.96 of a family interval. These imply for a single estimate of T an internal scatter of σ(T ) = 0.74 of a stage interval, and for a single estimate of F an internal scatter of σ(F ) = 0.68 of a family interval. In both cases, the internal consistency of CVRHS classifications is slightly better than a single interval of the classification system. These results are supported by the partial Phase 3 analysis described in the Appendix.
Inner and Outer Variety Phase 1,2 Comparisons
Figure 3 shows comparisons between the Phase 1 and 2 inner and outer variety classifications. These comparisons are more complicated than for stage and family because CVRHS classifications have more categories (such as lenses and ring/pseudoring-lenses) compared to the VRHS system, and multiple features are recognizeable in some galaxies. Also, the classifications "(r ′ l)" and "(R ′ L)" do not fit well into the numerical codings in Table 3 , and for the comparison, we have combined these categories with "(rs)" and "(R ′ )", respectively, based on a mean stage analysis given in Figure 9 (Section 3.6). Because of these differences compared to stage and family, Figure 3 labels the axes using letter classifications rather than numerical codes.
For inner features, the comparison shows an increased scatter among lenses and ring-lenses, but nevertheless a good correlation between the Phase 1 and 2 classifications is found. Within the framework of the numerical codings in Table 3 , and for a numerical inner variety interval of 0.25, the standard deviation between the Phase 1 and 2 inner variety classifications (Table 5) Table 3 because these do not account 
A combined outer ring-pseudoring pattern where the arms forming the R ′ 2 ring break from an R 1 ring; an OLR subclass (Buta & Crocker 1991; Buta 1995) (example: NGC 5101) Catastrophic Rings catastrophic ring A ring-like feature formed in a catastrophic galaxy interaction event, such as a head-on collision or major disruption extraplanar disk A general term for any acquired disk-shaped feature inclined at an angle to a more massive disk system RG A ring galaxy, a term referring to the unusual rings thought to be produced in special galactic collisions (Theys & Spiegel 1976; Madore et al. 2009 ) PRG A polar ring galaxy or related type of object (Whitmore et al. 1990 ). In the strictest sense, an interacting system where a companion is disrupted along a polar or near polar orbit around another disk-shaped system (example: NGC 5122) IRG An inclined ring galaxy, where a companion has been disrupted into a high angle but not necessarily polar orbit (example: NGC 660) (R)E A likely accretion ring formed from a companion disrupted into a large orbit around an elliptical galaxy (Schweizer et al. 1987) Edge-on Galaxies b sp A "spindle", or highly-inclined (generally i > 65 • ) disk-shaped galaxy Scd sp A highly-inclined Scd galaxy, too close to edge-on for the family or variety to be reliably distinguished (example: NGC 100) SB(rs)bc sp A highly-inclined galaxy, but sufficiently far from edge-on that the family and variety are distinguishable (example: NGC 253) spw A highly-inclined disk-shaped galaxy where the disk shows evidence of warping in the nearly edge-on view [examples: NGC 522, 5084, 5403; UGC 10043
An edge-on early S0 galaxy, having a disky thick disk of flattening E7 (example: NGC 1032); E(d) is Kormendy & Bender (1996) notation and is used here only in a descriptive manner for the OLR categories R 1 , R ′ 1 , R ′ 2 , and R 1 R ′ 2 . Instead, the comparison is made in terms of 9 bins ranging from outer pseudorings (R ′ ) to outer lenses (L). The ordering is based on the mean stage analysis in Figure 9 . In terms of a numerical code ranging from 1 for category R ′ to 9 for outer lenses, and for an outer variety interval of 1.0, the standard deviation of a single estimate of outer variety is σ(OV ) = 1.27 variety intervals (Table 5 ). The partial Phase 3 analysis in the Appendix gives a similar result, but based on a much smaller subset of galaxies.
Mean Classification Catalogue
The comparisons in Figure 2 and Figure 3 show good or at least reasonably good agreement between the Phase 1 and 2 classifications. For this reason, we do not favor one phase over the other and present in Table 6 unweighted averages of these classifications. In addition to the full average classification, the Table gives The situation above occurs for 71% (1709) of the 2412 galaxies in the catalogue. For 13% (326), the following type of situation occurs: NGC 3044: Phase 1: SB(s)dm sp Phase 2: Sdm sp Table 6 average: SB:(s:)dm sp where the colons are used to indicate that the family and variety are uncertain interpretations in this case. NGC 3044 is a nearly edge-on galaxy (hence the "sp"), and as we have already noted, it can still be difficult to interpret the structure of an edge-on galaxy, even in a dustpenetrated waveband.
As the above shows, the combination of the Phase 1 and 2 catalogues can lead to half-step stage classifications (e.g., Sdm). It was noted in Section 3.1.1 that underline stage notation like this is fully a part of VRHS 
An edge-on early S0 galaxy, having a boxy thick disk of flattening E6 (example: NGC 1332); E(b) is Kormendy & Bender (1996) notation and is used here only in a descriptive manner S0 − sp / E5-6
An edge-on early S0 galaxy, having an E-like thick disk (neither boxy nor disky) of flattening E5-6 (example: NGC 3115) Sb sp / E5
An edge-on Sb galaxy embedded in an E5 background (example: NGC 5078) SA(rl,nrl,nb)0 + / E(d)0 An inclined disk with multiple features embedded within an E0 background (example: NGC 1553)
Other Special Features or Categories
Pec A peculiar galaxy, a significantly disturbed interacting system that cannot be classified in any other way; typically an ongoing or advanced merger or other disturbed type of system (examples: NGC 520, 4038-9) pec
In a classification, this refers to a classifiable galaxy having some peculiarity (such as some types of asymmetry) (examples: NGC 1087, 1097) dark-spacer A galaxy which shows a distinctive area or areas of lower surface brighter within the bright part of a disk (Buta 2014) . In some early-type galaxies, the appearance of an inner ring may be defined mainly by a subtle darker area around a bar (Laurikainen et al. 2013) (example: NGC 2787) counter-winding spiral A spiral galaxy having two sets of spiral structure which wind outward in opposite senses a Examples are all based on Table 6 mean classifications b For other combinations, see Table 6 a The galaxies are listed in order of J2000 right ascension; arrows indicate the beginning of a right ascension interval. See Table  1 for a summary of the meaning of CVRHS notations, and the notes to Table 5 for galaxies which have a different name in RC3. Figure numbers are either for paper I (I.1.nnn) or this paper (II.1.nnnn). Galaxies with an asterisk after the name are on S 4 G frames but are not part of the formal sample. Some of these are included in the atlas illustrations. If they are not, the name of the galaxy image where they can be found (in the publicly available database) is given. b Table 2 is published in its entirety in the electronic edition of the Astrophysical Journal Supplement Series. A portion is shown here for guidance regarding its form and content.
TABLE 3 Numerical Codes

Symbol
Numerical Index 1 2 
0.250 ≤ < OV > < 0.750 no outer feature 0.000 ≤ < OV > < 0.250 
where < T > is the value given in column 2 of Table 6 ; the same kinds of uncertainties are listed for the other classification dimensions; (3) results of Phase 3 10% experiment. In this column, ∆T = T 3 − < T > and σ(T ) = σ(∆T ) 2 − σ(< T >) 2 . In both columns 2 and 3, for stage and family, N is the number of galaxies in the comparison, while for inner and outer variety, N is the number of features. b Based on the numerical codings in Table 3 , except for outer varieties, which use numbers from 1 to 9 for 9 types of features from R ′ to (L). Tables 3 and 4 for the numerical codes and ranges used for combining the Phase 1 and 2 classifications. Arm classifications in the notes are from Table 9 . Galaxies with an asterisk after the name are in S 4 G image frames but are not part of the formal sample. b Table 6 is published in its entirety in the electronic edition of the Astrophysical Journal Supplement Series. A portion is shown here for guidance regarding its form and content.
Fig. 2.-top frames
Comparisons between S 4 G phase 1 and phase 2 stages and families for all S 4 G galaxies for which both characteristics could be determined; middle frames Comparisons between S 4 G phase 1 and phase 2 stages and families for galaxies in the paper I sample only; bottom frames Comparison between S 4 G mean stages and families with the B and g-band classifications for the same galaxies in the dVA. The error bars are 1σ standard deviations in all frames. The number in each category is also given to show that the dominant classifications are "(s)" for inner variety and "none" for outer variety.
galaxy classification, but for single estimates of types was used sparingly by de Vaucouleurs (1963) . It was also used sparingly in Phase 1 classifications, and not at all in Phase 2 classifications. Table 5 shows that the mean stage classifications in Table 6 have σ(< T >) = 0.52 of a stage interval, essentially equal to one half-step. This implies that half step mean stages have only marginal significance, a conclusion supported by the partial Phase 3 analysis (Appendix). Nevertheless, we retain the underline notation in the mean stages in Table 6 in order to preserve as much information from the two phases as possible.
For the mean families in Table 6, the Table 5 analysis gives σ(< F >) = 0.48 of a family interval, or half an underline interval. In this case, the de Vaucouleurs (1963) underline family classifications SA, SAB, SAB, SAB, and SB have more significance than underline stages. The standard deviation of the mean inner varieties is σ(< IV >) = 0.58 of an inner variety interval while the standard deviation of mean outer varieties is σ(< OV >) = 0.90 of an outer variety interval, also giving marginal significance to both classifications.
The mean classifications in Table 6 can be viewed as our "final" types because these have the benefit of two independent inspections which should average out most mistakes and misinterpretations. Nevertheless, the Phase 1 and 2 classifications listed separately in Table  2 still have value and are useful to highlight uncertain cases and to see how consistently a particular object has been interpreted.
Other Comparisons
The lower panels in Figure 2 compare the Table 6 < T > and < F > parameters with the B-and g-band classifications in the dVA. In Paper I, we showed that mid-IR types generally agree well with B-band types, with a tendency for galaxies of B-band types S0/a to Sbc being classified slightly earlier in mid-IR type. This is the "earlier effect" in IR galaxy classification; it results from the decreased prominence of star-forming regions and the increased prominence of the bulge in IR images of Bband intermediate-type galaxies (Eskridge et al. 2002) . The effect can be seen directly in the lower left panel of Figure 2 , where the mean points tend to lie just below the line in this type range. There is also a fairly good correlation between 3.6µm families and dVA families. Figure 4 (top panels) compares the mean S 4 G stage and family with the same classifications in RC3. The agreement on stages is similar to that for the dVA, showing the bending of points below the line in the type range S0/a to Sbc. (This graph uses only galaxies having |∆T | ≤ 4.0 stage intervals, in order to best show the systematic differences.) The comparison between S 4 G families and RC3 families has less resolution than does that for the dVA, but a reasonable correlation is still found.
The Ohio State University Bright Spiral Galaxy Survey (OSUBSGS; Eskridge et al. 2002) was an optical/near-IR imaging survey of 205 nearby galaxies designed for a direct comparison between optical and near-IR galaxy classifications. The main optical filter used in the survey was the B-band and the main near-IR filter used was the H-band. H-band (1.65µm) images are similar to 3.6µm images in that the effects of extinction are greatly reduced and the light mostly traces the stellar mass. However, the Eskridge et al. (2002) H-band images lack the depth of the 3.6µm IRAC images and are also less sensitive to star forming regions. The Eskridge et al. (2002) study demonstrated not only the "earlier" effect in near-IR galaxy classification, but also challenged previous suggestions that there was little correlation between optical and IR galaxy morphology (e.g., Block & Puerari 1999) . Figure 4 , middle frames shows a good correlation between the Eskridge et al. H-band types and the Table  6 average T values. The correlation of family classifications for the Eskridge et al. sample shows, in contrast, that galaxies classified as SA and SAB by Eskridge et al. are mostly classified as SAB in Table 6 .
The lower panels compare S 4 G mid-IR stages and families with the optical classifications from the "EFIGI" survey, where a team of 10 astronomers used SDSS images to classify 4458 nearby galaxies (Baillard et al. 2011) . The lower left graph shows the comparison of stages, and like the comparisons with the dVA and RC3, the "earlier ef- Our general conclusion from all of the comparisons described in this section is that CVRHS classifications have both good internal and external consistency. This consistency could, however, still mask resolution and especially inclination biases in the classifications, even if there were perfect agreement between phases or between different sources. Campbell et al. (2014) describe "imaging classification bias" in the context of the GalaxyZoo citizen morphological catalogue, which they argue has excessive numbers of distant early-type galaxies that are likely to be misclassified spirals. As the authors correctly note, the ability to make reliable distinctions between galaxy types demands "the most stringent imaging requirements." Although S 4 G images are of much greater depth than groundbased near-IR images, the limited resolution coupled with high inclination could introduce some "imaging classification bias." This is explored further in the next sections.
The Distribution of Mid-IR Galaxy Types
For the purpose of examining the distribution of mid-IR galaxy types, families, and varieties, we restrict the analysis to the actual ("formal") sample of 2352 galaxies selected for the S 4 G (Section 2). The reason for this is that some of the extra galaxies that were on frames of formal sample galaxies are background objects beyond the survey's distance limit of 40 Mpc. (Table 6 , column 2) for 2245 formal sample galaxies divided according to the 3.6µm isophotal axis ratio, q 25.5 , measured at the (AB) magnitude surface brightness level of 25.5 mag arcsec −2 . The "low-i" sample is at left and the "high-i" sample is at right. The fractions of galaxies out of the total numbers N in different type ranges are indicated. The distributions are plotted in unit stage intervals, with half-step averages rounded to the nearest full type. Figure 5 shows the distribution of these mean stages for the low inclination (low-i) and high inclination (highi) galaxies in the S 4 G catalogue. The distinction is made using the 3.6µm isophotal minor-to-major axis ratio, q 25.5 , fitted at the (AB-magnitude) surface brightness level of 25.5 mag arcsec −2 (Munoz-Mateos et al. 2014). The low-i sample is restricted to q 25.5 ≥0.5, corresponding to an inclination of ≈60
• . The high-i sample is restricted to q 25.5 < 0.5. Spindle ("sp") galaxies in the catalogue tend to have q 25.5 < 0.4, and are mostly excluded from the low-i sample. For both histograms in Figure 5 , the T values have been rounded to the nearest whole type.
The low-i plot shows that nearly half of the formal S 4 G sample consists of extreme late-type spiral and irregular galaxies of mid-IR stages Scd-Im. These constitute 48.5±1.4% of the 1240 low-i formal sample galaxies having a mean stage.
26 The right panel in Figure 5 shows, however, that this type range constitutes 66.0±1.4% of the high-i sample. This difference is likely to be partly due to the two-part manner in which we have classified some highly-inclined galaxies (Section 4.4.2). Also, for highly-inclined galaxies, mid-IR morphology often involves low contrast features and central concentrations viewed against a very bright background. These can lead to later-type classifications, and it is possible that some Sc galaxies are misclassified as Sd when the inclination is high. The problem can be exacerbated further if the image of a high inclination galaxy has relatively poor resolution.
The emphasis of the formal S 4 G sample on extreme late-type galaxies not only reflects its nature as a volumelimited sample, but also is due to the fact that the galaxies were selected on the basis of an HI radial velocity. The sample is rich in dwarf irregulars and bulgeless spirals, because these tend to be HI-rich systems (e.g., Buta et al. 1994 ).
The Distribution of Mid-IR Families
The distribution of mean Phase 1 and 2 family classifications (< F >) is shown in Figure 6 . The graphs are based only on formal sample galaxies where a family classification was recorded in both Phase 1 and Phase 2. (Table 6 , column 3) for 1059 "low-i" sample galaxies where a family classification was recorded in both Phase 1 and Phase 2. The other frames show distributions for subsets of this sample divided according to mid-IR stage. The fractions, f , of SAB, SAB, and SB galaxies out of the total numbers N listed are indicated. The distributions are plotted after combining SA and SAB into the SA bin and SB and SAB into SB.
Although bars are detectable in highly-inclined galaxies (Section 4.3), for the purpose of examining the relative frequency of bars it is still best to restrict the analysis to the low-i subsample. Also, the graphs are plotted after combining SA and SAB into SA, and SAB and SB into SB, since the underline categories are always underrepresented compared to the main categories.
The barred family classification fraction, f (F ≥ 0.5), is defined as f (F ≥ 0.5) = N(SAB) + N(SAB) + N(SB) N where N is the total number of galaxies in the sample that can be subdivided in this manner [i.e., N = N(SA) + N(SAB) + N(SAB) + N(SAB) + N(SB)] and the counts are based on the mean letter-classifications in Table 6 , not the < F > index. This assumes that SAB galaxies have obvious bars, even if these bars might be less striking than those seen in a classical SB galaxy. We anticipate that a sample like the S 4 G might give a reliable assessment of this fraction, because no bars would be overlooked due to star formation or excessive internal extinction, two problems which complicate B-band visual bar fractions (Eskridge et al. 2000) . Figure 6 shows estimates of f (F ≥ 0.5) for the 1059 low-i formal S 4 G galaxies having Phase 1 and 2 family classifications, and for subsets of low-i galaxies separated by stage. Over the type range S0
− to Im, f (F ≥ 0.5) is about 2/3, similar to previous studies such as de Vaucouleurs (1963) , Eskridge et al. (2000) , and Marinova & Jogee (2007) , although the latter two studies are based on the Ohio State University Bright Spiral Galaxy Survey (Eskridge et al. 2002) which did not include very many galaxies having RC3 stages later than Scd.
When divided by type, the histograms are distinctly different: for Scd-Sm galaxies, the SB bin has the highest number of galaxies, while for S0/a-Sc galaxies, the SA bin has the highest number. As a result, the barred family classification fractions are significantly different: f (F ≥ 0.5) = 81.0±2.0% for Scd-Sm galaxies and 55.0±2.2% for S0/a-Sc galaxies.
Further insight into these histograms is provided in Figure 7 , left, which shows f (F ≥ 0.5) as a function of individual stages from S0/a to Im, again restricted to the low-i sample. Much of the difference between the early and late samples is due to what appears to be a substantial drop in f at stages Sbc to Sc. As a check on this, Figure 7 , right, shows the same graph for 866 of the same galaxies using RC3 classifications. The large drop in f for mid-IR classification is much less evident when B-band RC3 classifications are used. The drop in the mid-IR fractions occurs in the type domain where the "earlier effect" begins to be noticeable. In spite of the drop, both graphs support a higher barred family classification fraction for galaxies of types Scd and later. Table 7 lists the dependence of f in the early-type, latetype, and full spiral subsamples as a function of q min , the minimum mid-IR isophotal axis ratio for the sample. (The "low-i" sample we have been using corresponds to q min = 0.5). The table shows that the significant difference between the early and late-type samples diminishes but is not completely eliminated except for the most faceon subsample (q min = 0.9).
These results are actually fairly consistent with previous studies. For example, Barazza et al. (2008) used ellipse fits to infer the presence of bars in a large sample of nearby SDSS galaxies over the absolute magnitude range −18.5 ≤ M B ≤ −22.0, and concluded that 87% of bulgeless disk galaxies are barred as opposed to 44% of bulge+disk galaxies. Galaxies of CVRHS types Scd-Sm not only do not have classical bulges, they also generally do not have pseudobulges. Barazza et al. also found that the optical bar fraction rises with decreasing total galaxy mass, a result which is consistent with the massdependent bimodality of the bar fraction noted by Nair & Abraham (2010). Scd-Sm galaxies tend to be less luminous on average than S0/a-Sc galaxies (e.g., the dVA), and therefore are likely less massive than S0/a-Sc galaxies.
The upper right panel of Figure 6 shows the distribution of family classifications for 107 S0 galaxies in the low-i subsample. The most common family classification for S 4 G S0 galaxies is SA, and the barred family fraction is 45±5%. This smaller fraction of bars is also consistent with previous studies (Laurikainen et al. 2009; Aguerri et al. 2009; Buta et al. 2010b ), but a more reliable assessment must await the S 4 G extension. a Col.
(1) minimum isophotal axis ratio at µ AB (3.6µm) = 25.5 mag arcsec −2 ; (2) fraction (percent) of classified bars in galaxies having isophotal axis ratio q 25.5 ≥ q min in the earlier type range S0/a -Sc; (3) no. of galaxies in the S0/a -Sc subsample; (4,5) same as (2,3) for the later type sample (Scd -Sm); (6,7) same as (2,3) for the combined samples.
Note that the "barred family classification fraction" is not necessarily the same as the cosmologically significant "bar fraction" (e.g., Sheth et al. 2008; 2014a,b) . This is because the types of bars seen in nearby late-type galaxies may not necessarily be the ones we see at high redshift. The distinction is discussed further in Section 4.3.3. Figure 7 shows that where the barred classification fraction is highest, the fraction of inner rings and lenses is lowest. This appears to imply that gas-rich galaxies are less capable of forming lenses or the kinds of rings that are typically seen in early-type barred and nonbarred galaxies.
Similar to Table 7, Table 8 shows the inner ring/pseudoring fraction for S0/a-Sc, Scd-Sm, and S0/aSm galaxies as a function of the value of q min used to define the subsamples. These features are found in ≈50% of S0/a-Sc galaxies and ≈13% of Scd-Sm galaxies. Across the whole spiral sequence, about 1/3 of the galaxies has an inner ring/pseudoring. Figure 9 (top left) shows how both mean stage and mean family correlate with inner variety classifications. A strong correlation between mean stage and variety is seen in the sense that (s)-shaped spirals are on average mid-IR stage Scd, while (r)-variety spirals average at mid-IR stage Sa. Ring-lenses average at stages S0
+ to S0/a. The upper right panel of Figure 9 shows the average visual bar strength for (s), (rs), and (rs) varieties is (Table 6 , column 2) for 955 galaxies from the low-i S 4 G subsample. The number of galaxies at each stage is indicated. Error bars calculated in the same manner as for Figure 7 . Fig. 9 .-Graphs of mean mid-IR stage and family versus inner and outer variety classifications. In these graphs, r ′ l is combined with rs and R ′ L is combined with R ′ . The number n of galaxies at each classification is indicated. Error bars are mean errors derived as σ 1 / √ n, where σ 1 is the standard deviation.
a little higher than for (rs), (r), (rl), and (l) varieties. Similar results are found for the outer variety features (1) minimum isophotal axis ratio at µ AB (3.6µm) = 25.5 mag arcsec −2 ; (2) fraction (percent) of classified inner rings and pseudorings in galaxies having isophotal axis ratio q 25.5 ≥ q min in the earlier type range S0/a -Sc; (3) no. of galaxies in the S0/a -Sc subsample; (4,5) same as (2,3) for the later type sample (Scd -Sm); (6,7) same as (2,3) for the combined samples.
( Figure 9 , lower left). Galaxies having outer pseudorings average between stages Sb and Sbc, while closed outer rings are found on average in S0/a and Sa galaxies. Outer ring-lenses (RL), OLR subclass rings R 1 , and outer lenses (L) are found on average in S0 + to S0/a galaxies. The lower right frame of Figure 9 shows that average visual bar strength for outer pseudorings is only slightly higher than for outer rings and ring-lenses. In the NIRS0S sample of bright early-type disk galaxies (Laurikainen et al. 2011) , outer lenses are common in the non-barred S0s. Some of these are missing from S 4 G because of the sample selection, which picked up only the fairly gas rich galaxies.
MORPHOLOGICAL HIGHLIGHTS OF THE CATALOGUE
In this Section, we examine some of the highlights of mid-IR galaxy morphology. The "stellar structures" we discuss are mostly aspects of normal galaxies rather than strongly-interacting or merging galaxies. Stellar rings, characteristics of early and late-type bars, dustpenetrated views of classical edge-on galaxies, unusual spirals, the possible connection between late-type and spheroidal galaxies, and other special cases of interest are what we focus on here. These complement the highlights described in Paper I. All of the galaxies we illustrate in this section were selected for special attention from the large database because they are considered to be good examples of the morpholological characteristics that we have chosen to highlight.
Mid-IR CVRHS Sequence
The first major conclusion one can draw from examining the mid-IR morphologies of a large sample of galaxies is that the stellar mass structure of galaxies is not hidden too deeply by dust in optical imaging. The montages in Figures 10 and 11 show the same kinds of morphologies as are seen in blue light, ordered in a 3-pronged "tuning fork" by VRHS family (SA, SAB, SB) along the standard VRHS sequence of stages.
S0 galaxies are subdivided into stages S0 − , S0 o , and S0
+ in a sequence of increasing structure (but not necessarily decreasing bulge-to-total luminosity ratio). In S0 − galaxies, bars and lenses are usually fairly subtle, and the Table 2. disk is virtually featureless. S0
o galaxies have more obvious lenses, ring-lenses, and bars. The most structured S0s are stage S0 + , which is the type where rings (without spirals) are most prominent (Section 4.2). In S0/a galaxies, the rings may break into tight spiral structure.
The spiral and irregular sequences also show welldefined and representative types. The decrease in average bulge-to-total luminosity ratio is evident. In general, the same three criteria Hubble used for spirals: the relative prominence of the bulge, the degree of resolution of the arms, and the degree of openness of the arms, are still applicable in the mid-IR, as already noted in paper I.
Several of the galaxies in Figure 11 , if displayed in blue light, would appear in a different cell. For example, NGC 7479 is classified as stage Sc in the B-band but as stage Sb in the mid-IR, while NGC 4548 is classified as stage Sb in the B-band and Sa in the mid-IR. This is the "earlier" effect noted in Section 3.3. Rings, pseudorings, and lenses are important features of disk-shaped galaxies. Rings are often sites of active star formation and come in several different types: nuclear, inner, and outer, that occur on very different linear scales. Rings and lenses have distinctive shapes and orientations that tie them to aspects of internal dynamics (Buta & Combes 1996) . Generally highly flattened, rings and lenses are most commonly seen in early-type disk galaxies and are likely some of the clearest products of secular evolution that we can observe in galaxies .
The Mid-IR Morphology of Galactic Rings and Lenses
Recognizing all of the variations of the stellar mass morphology of galactic rings and lenses can add considerable complexity between the brackets of CVRHS 3.6µm galaxy classifications (Table 1) . In this Section, we examine this complexity, beginning with CVRHS stage S0 + , the first stage where all of these phenomena become prominent, and then look at multi-feature systems. Stage S0
+ is a part of the CVRHS sequence where galaxies that are likely highly-evolved are mixed with others that have been environmentally-modified. By "highly-evolved", we mean that well-defined stellar rings and lenses are endproducts of long-term internal evolution of what were originally zones of intense star formation. By "environmentally modified," we mean that these same galaxies were stripped of their gas which eventually greatly lowered or even turned off the star formation in their resonant features, allowing secular evolution of the stellar mass distribution to eventually reduce the contrast of the features. Thus, "highly-evolved" and "environmentallymodified" are not mutually exclusive categories.
S0
+ Galaxies: Diversity at a Single Stage
In optical imaging, late S0s can be dusty, and some galaxies classified in the B-band as stages S0/a to Sab (e.g., NGC 1079, 1291, 2775, 4594) can appear to be stage S0 + in the mid-IR. Forty-one cases of mid-IR type S0
+ are collected in the montages of Figure 12 . Most interesting is that 20 of these objects are of family SA (see Table 6 classification in each frame), and in seven of these, a bright knotty ring is the main morphological feature. If rings are best understood as resonant products of secular evolution in barred galaxies (Buta & Combes 1996) , then these nonbarred cases with bright stellar or star-forming rings are a rather important subset to know about. Invariant manifold theory (Romero-Gómez et al. 2006 , 2007 Athanassoula et al. 2009a,b) also describes the structure and secular evolution of rings, but would also have trouble explaining rings in nonbarred galaxies. The large number of nonbarred S0
+ galaxies in the sample differs from the NIRS0S sample, where SB0 + and SAB0 + galaxies are more abundant (Laurikainen et al. 2013 ). This could largely be due to the S 4 G sample bias towards gas-rich S0s.
The following galaxies in Figure 12 deserve special attention because they are good examples of the characteristics they display:
NGC 1553 -This galaxy, classified as type SA(rl,nr ′ l)0 + , is the well-known lens (here a ring-lens) galaxy studied by Kormendy (1984) . The lens is significantly elongated in projection, as are the isophotes just outside this zone. In the outer regions, however, the isophotes are nearly circular. The lens appears to be part of an inclined, embedded disk (see also Section 4.4.2). The galaxy also has a nuclear bar that was detected in a near-IR image (Laurikainen et al. 2011) . NGC 4250 -This galaxy, classified in Table 6 as type (R 1 )SAB(rl,nl!)0 + , is noteworthy for its remarkably high surface brightness nuclear lens. The feature has an angular diameter of 16
′′ and a linear diameter of about 2.4 Fig. 12 (cont. ).-Montages showing the diversity of the mid-IR morphologies of S0 + galaxies. In addition to the galaxy name, each frame includes the final mean classification from Table 6 . The most important inner and outer variety features are labeled on the images.
kpc for a distance of 29.4 Mpc (NED 27 ). This is larger than the typical nuclear ring, but is within the range of sizes of these features . The presence of a very faint, only slightly elongated outer ring indicates that NGC 4250 may be inclined as little as 30 o . Thus, the near circular shape of the nuclear lens is intrinsic, while the inner ring-lens is highly elongated, both of which are typical characteristics (Buta 1995 (Buta , 2012 (Buta , 2013 . NGC 4344 and NGC 4451 -Two low-luminosity members of the Virgo Cluster with small cores and bright partial inner rings of star formation. The small cores suggest that the rings are embedded within Kormendy spheroidals (Kormendy & Bender 2012) . The classification for both galaxies in Table 6 is SA(r)0 + [c] / Sph, where the [c] indicates a small central concentration for such early-type galaxies. As noted by Ilyina & Sil'chenko (2011) , such star-forming rings (prominent in UV images) are unusual for lenticulars, especially nonbarred lenticulars such as NGC 4344 and 4451. Since bar dynamics are unlikely to account for these rings, an interaction in a cluster environment (e.g., accretion of a small gas-rich companion) may explain them. Ilyina et al. (2014) have also argued that accretion of gas from a large, gas-rich companion can account for similar rings in other S0 galaxies. Sph galaxies are discussed further in Section 4.5. NGC 4594 -The 3.6µm image reveals a well-defined outer ring and a smooth, bright inner disk. The absence of a clear X feature suggests the galaxy is nonbarred. Classified as type SA(s)a sp in RC3 and Sa + /Sb − in the Carnegie Atlas of Galaxies (Sandage & Bedke 1994) , the S 4 G image reveals no clear spiral structure in this wellstudied galaxy. NGC 7742 -This galaxy, which is known to exhibit counter-rotation (de Zeeuw et al. 2002) , has a single bright inner ring and a much fainter, larger ring that is not likely to be an outer ring. The latter could be a weak pseudoring formed by faint spiral arms. The two features are the reason for the Phase 1 variety "(rr)" in Table 2 . A double inner variety was also recognized in a NIRS0S K s -band image by Laurikainen et al. (2011 (Jordán et al. 2007 ) as object FCC 152, and a high resolution color image posted on the ACSFCS website shows a small blue ring of knots, but again little evidence of a central nucleus. ESO 358−25 is an intermediate to low luminosity member of the Fornax Cluster similar to other galaxies in the Virgo Cluster. The classification in Table 6 is SA(l,r)0 + [d] / Sph, similar to NGC 4344 and 4451, but with even less central concentration than those Virgo Cluster galaxies.
Other galaxies in Figure 12 show what we mean by lenses (l), ring-lenses (rl), and pseudoring lenses (r ′ l), or the outer counterparts of these features. For example, NGC 1291 shows a very bright inner lens at about half the diameter of a subtle outer ring embedded in a more circular background. The feature has a shallow brightness gradient interior to a sharp edge, but no rim enhancement. The galaxy is virtually face-on, so the slightly elongated shape of the (l) is intrinsic.
NGC 4457 shows a similar slightly elongated inner lens in a face-on disk. But most interesting are the conspicuous inner lenses in the nonbarred galaxies NGC 5602 and IC 2764. Both of these also have a prominent outer ring-lens (RL).
NGC 2859 is also very similar to NGC 1291 except the rim of the prominent (l) is slightly enhanced, and the classification is (rl). Other classified inner ring-lenses in Figure 12 include NGC 2962, 3637, 3892, 4250, and 5770. The classified inner rings (r) in NGC 1326 and 4245 tend to have more of an enhancement, but even these features are not especially strong as inner rings. NGC 1415 is classified as having an (r ′ l) (where "r ′ " is an alternate notation for inner pseudoring) because of a subtle spiral structure at the rim of the lens.
Double Inner and Outer Varieties
Most of the galaxies in Figure 12 are single inner and outer variety systems, i.e., one outer feature (R, R ′ , RL, L) and/or one inner feature (r, rs, r ′ l, rl, l) between CVRHS classification bracketts. Several multiple inner and outer variety systems are shown in Figures 13 and  14 . The recognized features are labeled with the classifications shown.
Comments on the six galaxies in Figure 13 are as follows: NGC 289 -an extensive, smooth spiral showing multiscale individual, pseudoring-like patterns. The inner (rs) envelops a weak bar, while the second (rs) is morphologically distinct and about the twice the diameter of the first (rs). In the outer regions, an outer pseudoring-lens, R ′ L, is seen as a subtle enhancement. Not seen in the illustration is a fourth, much fainter feature (an R ′ ) approximately twice the diameter of the R ′ L. NGC 986 -A barred spiral with a strong s-shaped pattern mixed with a clear inner pseudoring pattern. Both the (s) and the (rs) are nevertheless normal-looking features. The main arms of NGC 986 also form an outer pseudoring. NGC 4698 -The Table 6 classification recognizes two inner rings and a single, much larger outer ring that is outside the illustrated frame. The two inner rings are closely spaced and very subtle, and could be parts of a tightly-wound spiral pattern. The inner rings are embed- Table 6 . These features are labeled on each frame to show what the symbols are referring to. In two cases (NGC289 and 4698), an additional outer feature is outside the field of the image. ded in a much rounder component. NGC 5055 -The two inner features consist of a welldefined (rl) and an (rs) about twice as large. The latter is fairly open but is still a distinct pattern. NGC 5364 -This galaxy has an extremely well-defined spiral pattern outside of a bright inner ring. What is interesting is the unrelated spiral pattern lying inside the inner ring. The two patterns together form the unusual variety (r,s) [as opposed to (s,rs) for NGC 986]. NGC 5750 -This early-type system shows a mostly closed inner ring enveloping a foreshortened bar. Close outside this ring is a second feature we classify as an (r ′ l), giving the galaxy a double variety character. A partial outer ring-lens is seen beyond these two features.
Comments on the six galaxies in Figure 14 are as follows: NGC 718 -This galaxy has a well-defined outer pseudoring, bar, and inner pseudoring, but this whole pattern set is embedded in a relatively uniform background which we recognize as an outer lens (L) that extends to more than twice the diameter of the R ′ . NGC 3626 -The (rl) and (R) are normal features, but like NGC 718, these are embedded in a more extensive background including what we classify as an (RL). Table 6 . These features are labeled on each frame to show what the symbols are referring to. In some cases, an inner feature is also labeled.
NGC 3898 -an early-type nonbarred galaxy having two closely space large rings that we interpret as a pair of outer rings, (RR). NGC 4457 -The deep 3.6µm image reveals not only the previously known bright outer ring in this well-known Virgo Cluster galaxy (Sandage 1961) , but also what appears to be a second outer ring at roughly twice the radius of the first feature. Both features are very nearly circular. The second ring is also detectable in an SDSS color image. An unsharp-masked near-IR image previously revealed the weak bar in the galaxy (Laurikainen et al. 2011) . NGC 4984 -The inner regions consist of a normal lens and faint bar with ansae. Surrounding this zone is an outer ring, but most unusual is the second outer feature, an R ′ , at approximately twice the diameter of the first outer ring. This accounts for the outer variety (R ′ R). PGC 47721 -An M81-like galaxy which has what appears to be a mostly closed ring within its main outer spiral pattern. Within this feature is a very large pseudoring. The two features account for the classification of (R,R ′ ), although in the absence of a bar, these could also be interpreted as very large inner rings.
The Mid-IR Morphology of Bars
Bars are a logical focus for mid-IR morphological examination. It is well-known that some bars which appear weak or even absent in blue light imaging can be more prominent in IR bands (e.g., Eskridge et al. 2000) . Heavy internal extinction (due, for example, to strong leading dust lanes or other factors) can account for some of these, while stellar populations can account for others in the sense that IR bands are more sensitive to the older stellar populations seen in many bars than is the B-band. In paper I, we argued that the "stronger bar effect" is apparent in S 4 G images, but that the rankings of bars (by actual strength) are not greatly changed. What we mean by this is that, while weaker bars can appear more conspicuous in the IR as compared to blue light, such that a B-band SAB-type bar can be classified as IR type SB, a B-band SB type bar has no stronger category to be placed in, yet it also looks stronger in the IR. The rankings of bars (strong versus weak) thus is not changed greatly from blue light to the mid-IR. This does not undermine the case for IR imaging: it is still best to judge the importance of any bar in an IR waveband.
Bars can also be reliably recognized in both face-on and edge-on galaxies, as well as across the entire CVRHS sequence from stage S0
− to Im. No other aspect of galaxy morphology has this characteristic, which is considerably enhanced in the mid-IR. In this Section, we look at the mid-IR morphology of bars with two goals: (1) to highlight the diversity of bar morphologies, especially among early-type galaxies, and (2) to clarify the meaning of family classifications between early-and late-type galaxies that impacts how we interpret the barred family fraction.
Ansae Bars and Barlenses
One of the interesting aspects of the galaxies in Figure 12 is how weak-looking most of the apparent bars are, even if previously classified as SB. For example, NGC 1291 is classified as (R)SB(s)0/a in RC3 and as SBa by Sandage & Tammann (1981) , and yet, viewed against the bright inner lens in a logarithmic, background-subtracted image, the bar classification that seems appropriate for NGC 1291 is SAB at best (see also the dVA). The same is true for NGC 2859 and others shown in the Figure. Only NGC 3637 and 4245 have bars classified as SB in Table 6 .
Many of the apparent bars in the galaxies in Figure 12 are of the ansae ("handles") type, where the ends of the bar are defined by subtle brightness enhancements. Martinez-Valpuesta et al. (2007) made a statistical study of these features, and concluded that ansae are mainly a phenomenon of early-type galaxies and are very rare at stages later than Sb. Figure 15 shows a selection of 12 of the best-defined ansae bars in the S 4 G sample. Because these features are subtle, Figure 16 shows unsharp-masked images of the same 12 galaxies. These show how ansae come in different morphologies, ranging from curved or nearly linear arcs to rounder spots. Although no detailed quantitative measurements have yet been made, SDSS color images and dVA color index maps have indicated that ansae may be purely stellar in nature or include star formation. In Tables 2 and 6, ansae are recognized using the symbols SB a and SAB a .
Although the detection of ansae does not necessarily require observing galaxies in the mid-IR, mid-IR imag- Figure 15 , displayed using unsharp-masking (and on different scales in some cases) to make the ansae more easily visible. The 3.6µm images are in intensity units.
ing can still shed some light on the properties of the features, such as their vertical structure. NGC 4216 is the most highly inclined example shown in Figure 15 , and in the optical shows strong planar dust. In the mid-IR, the galaxy shows an inner boxy structure and two intense brightness enhancements that, in Figure 16 , appear at the ends of the major axis of a thin inner ring. These enhancements are likely to be ansae in the inner ring. Although we cannot rule out that these features are merely due to line-of-sight effects through the major axis points of an inner ring, other nearly edge-on galaxies with highly-inclined rings (e.g., NGC 4594 in Figure 12 ) do not show conspicuous ansae.
The boxy inner zone of NGC 4216 shows a very faint X-pattern in the unsharp-masked image, indicating that the galaxy does indeed have a bar with vertical resonant structure. However, the ansae are clearly much flatter features. Thus, mid-IR imaging shows that a bar in a B-band intermediate-type barred spiral consists of a 3D inner section and much flatter ends, consistent with the general structure of bars noted by Athanassoula (2005) .
In Figure 15 , NGC 7424, a face-on SBcd galaxy, is much later than any ansae barred galaxies identified by Martinez-Valpuesta et al. (2007) . Because bars in extreme late-type spirals can be linear chains of star forming regions, it is not clear that the apparent ansae in NGC 7424 are in any way dynamically related to those seen in the other galaxies in Figure 15 . Late-type galaxy bars as compared to early-type ones are more carefully examined in Section 4.3.3. Figure 15 shows an additional feature of barred galaxies only recently recognized. This is the "barlens," symbolized by (bl). A barlens refers to the inner part of a typical early-type galaxy bar. As a class of structures, barlenses were first recognized by , who used high-quality near-IR images and multi-component decompositions to establish the distinct nature of the features. Barlenses can be mistaken for a bulge because they generally have less elongated isophotes than the bar ends. They appear to be part of the bar. Laurikainen et al. (2013) proposed that a barlens represents an evolution of the bar, and that inner lenses in nonbarred galaxies could be the former inner part of an evolved, disintegrated bar (see their Figure 11 ). The curved ansae in NGC 1079 appear to be the bar ends dispersing into the inner ring-lens area. and Laurikainen et al. (2014) use both numerical simulations and observations to show that barlenses are indeed likely to be the more face-on view of the 3D inner part of a bar, that when seen edge-on shows the familiar X or box/peanut shape. It is likely that NGC 4216, for example, in Figure 15 would show a barlens in the face-on view, with the barlens corresponding to the broad inner zone.
Five galaxies (NGC 1079 (NGC , 2787 (NGC , 2859 ) with a barlens are included in Figure 15 , the best example being seen in NGC 2787. More than 70 examples are included in the whole catalogue. A barlens and a regular inner lens differ in scale: in a barred galaxy with an (l), the bar typically fills the (l) in one dimension (Kormendy 1979) , while the (bl) is smaller than the bar, as measured from the NIRS0S atlas (Laurikainen et al. 2011) and illustrated in Athanassoula et al. (2014) . This is in agreement with the theoretical predictions by Athanassoula (2005) about the relative extents of the thick and the thin part of the bar. A (bl) will also generally be larger than and distinct from a nuclear lens (nl).
28 Laurikainen et al. (2013) showed that ansae occur even in 52% of galaxies having barlenses, compared to 24% when no barlens is present. However, multiple lenses are rare in such galaxies.
In spite of what ansae may imply about bar structure and evolution, the features are still poorly understood. No simulations have yet accounted for the diversity of the morphologies of ansae (round spots, arcs, linear shapes), or for their spread in color (young versus old stellar population ansae; e.g., Martinez-Valpuesta et al. 2007; Buta 2013) . 
X-structures
X-structures are strongly evident in some S 4 G galaxies, five of which are shown in Figure 17 . Like the ansae in Figure 16 , these unusual patterns can be made more obvious using unsharp-masking (upper right inserts in Figure 17) . Detailed observations and numerical simulations (e.g., Bureau & Freeman 1999; Athanassoula & Bureau 1999; Bureau et al. 2004 Bureau et al. , 2006 have definitively shown that X-structures are related to the edge-on view of a bar. The X is believed to show the vertical resonant structure of the bar. Often, the X pattern is a subtle aspect of what is commonly referred to as a "box/peanut bulge" (Luetticke, Detmar, & Pohlen 2000a,b) . Here we follow the de Vaucouleurs nomenclature and use the generic term X-structure for any box/peanut/X (B/P/X) structure or bulge. In Table 6 , these are recognized using the symbols SB x and SAB x (Table 1) . For edge-on galaxies, the SB in SB x is inferred if the X is especially strong, but if the X is fairly weak, then SAB x is used instead.
For all of the galaxies in Figure 17 , internal dust complicates the view of the X in blue light but did not prevent the box/peanut shape from being detected. All were recognized as peanut or boxy bulges by Luetticke, Detmar, & Pohlen (2000a) based on inspection of Digitized Sky Survey images. Most interesting is how in four of these galaxies, the X-pattern is situated within a conspicuous inner ring or pseudoring whose projected shape indicates that the galaxies are not exactly edge-on. These rings were not necessarily obvious in blue light. The lower right inserts in Figure 17 show unsharp-masked images of the rings that reveal the presence of ansae in at least two cases (NGC 2654 and 2683) . NGC 4710 appears exactly edge-on and only ansae are visible on each side of the center. Because inner rings and pseudorings commonly envelop bars in more face-on galaxies, the detection of strong X patterns situated within bright inner rings helps to clinch the argument that X-patterns are related to bars. The detected inner ring in NGC 4565 is also described by Kormendy (2012) and de Looze et al. (2012) .
The five galaxies in Figure 17 also show that the width of the X pattern relative to its vertical height can vary. In NGC 4565, for example, the nearly round pseudobulge shows a tighter X feature than is seen in NGC 2654, 2683, and 5746, suggesting that our perspective on the bar of NGC 4565 must be more end-on than for these galaxies. Table 6 includes more than 60 visually recognized box/peanut/X-galaxies in the S 4 G sample. While Xpatterns are often most easily recognized in nearly edgeon galaxies, they are also seen in much less inclined galaxies (e.g., the dVA; Erwin & Debattista 2013 ). An example in the S 4 G sample is NGC 5377 (paper I). In such cases, the classifications SB x and SAB x are not inferences of a bar as they would be for edge-on galaxies.
Note that Erwin & Debattista (2013) did not show or statistically examine X-shaped bars, only box/peanut features, or bars having spurs. They examined a few moderately inclined galaxies with X-shapes from the NIRS0S atlas assuming that physically they represent the same phenomenon. The inclination distribution of the galaxies with X-shaped bars for the combined S4G+NIRS0S sample is given in Laurikainen et al. (2014; see their Figure 2 ). This study showed that Xshapes appear only in bright galaxies, and not in the latest Hubble types. The identifications of the X-shapes in Laurikainen et al. (2014) was based on unsharp masks made for the complete S4G and NIRS0S samples. Elmegreen & Elmegreen (1985) examined the photometric properties of bars over a range of types, and found a dichotomy: early-type galaxy bars are long, strong, and have a relatively flat luminosity profile, while late-type bars are short, relatively weak, and have an exponential luminosity profile. This dichotomy is evident also in S 4 G images. By "strong bar," we will generally mean a bar having a maximum relative bar torque parameter Q b ≥ 0.2 (Buta et al. 2006) . CVRHS family classifications provide visual information on apparent bar strength in galaxies, but little insight on the actual diversity of bar morphologies. The recognition of ansae bars, X-structures, and barlenses [through SB a , SB x , etc., and (bl), respectively] provides extra information about a bar in a given galaxy, but fails to account for the significant differences between the bars seen in early and late-type galaxies. In Section 3.5 it was shown that the distribution of family classifications in the S 4 G catalogue depends on mid-IR stage, with SA classifications being most abundant in the type range S0/a to Sc, and SB classifications being most abundant in the Scd-Sm type range. The barred family classification fractions were found to be 55% in the range S0/a to Sc and 81% in the range Scd to Sm.
Early-versus Late-type Bars
At stage Scd, bars begin to show a distinct knotty morphology. Ansae, barlenses, and X-patterns seem to be no longer relevant. To see this, Figure 18 shows the bar regions of six relatively low-inclination S 4 G galaxies having mid-IR stages in the range Sa to Sc, while Figure 19 shows the bar regions of six galaxies in the type range Scd-Sdm. In each case, the IRAC 3.6µm image has been deprojected and rotated to make the bar horizontal. Foreground and background objects have also been removed.
In the Figure 18 montage, NGC 4314 has a prominent barlens, and indeed the feature was used as a prototypical example of a (bl) in the NIRS0S atlas (Laurikainen et al. 2011) . Laurikainen et al. (2014) also show further evidence in favor of the barlens interpretation for this galaxy (see their Fig. 1) . NGC 5375 has two strong circular ansae in addition to a barlens (see also Figures 15  and 16 ), NGC 1300 and 1365 have very strong spirals breaking from the ends of their bars, while NGC 1042 and 5970 each have a bar with a clear spiral character (highlighted by the circumflexes) that, at least in the case of NGC 1042, is not likely to be due to a projection effect between the 3D inner part of the bar and the flatter bar ends (e.g., Erwin & Debattista 2013) . The bars in all of these galaxies are also relatively smooth and, except for the sharp, right-angle-turning ansae of the bar in NGC 1042 (indicated by the >< symbols), are made largely of old stars.
The bars seen in Figure 18 can be contrasted with those shown in Figure 19 . The top panels of Figure 19 show the deprojected 3.6µm images of NGC 600 and NGC Fig. 19. -(top row): Deprojected 3.6µm images of 2 galaxies of mid-IR types Scd (NGC 600) and Sd (NGC 4731), rotated such that the bar is oriented horizontally. (middle row): Two edge-on galaxies showing a short, linear feature (indicated by the circumflexes) that is likely to be an edge-on view of the same kind of bar seen in NGC 600 and 4731. The dotted lines in the IC 1898 image highlight two spiral arms that break from the ends of the linear feature. The disk major axes for both galaxies are rotated to be horizontal. (bottom row): Deprojected images of two lower inclination early-type galaxies showing the same kind of bar seen in NGC 600 and 4731, rotated such that the bar is oriented horizontally. Units are mag arcsec −2 .
4731, types SB(rs)cd and SB(s)d, respectively. In both cases, the bar is a line of star-forming knots (see also Martin 1996) . That such bars are likely to be highly flattened and confined to the thin disk is suggested by NGC 7090 and IC 1898 (Figure 19, middle) , two nearly edge-on galaxies classified as type SB(s)dm sp, where a distinct linear feature (whose extent is indicated by circumflexes) is seen in the inner regions. In both cases, subtle spiral structure (highlighted by horizontal dotted lines for IC 1898) breaks from near the ends of the linear feature, suggesting that the feature is a bar and not merely an inner disk.
The fact that these late-type galaxy bars show no inner 3D component and are defined to a signifcant extent by star formation indicates that the dichotomy in f (F ≥ 0.5) seen in Figure 6 reflects something more fundamental than a mere change in the bar fraction with galaxy types. The bars in Figure 18 are very different structures from those shown in Figure 19 . While numer-ical simulations of the bar instability have had considerable success in explaining the structure of the types of bars seen in galaxies like NGC 1300 and 4314 (e.g., Athanassoula et al. 2014 ), the same is not true for the bars of NGC 600 and 4731 which have no 3D component, no X-pattern, and in general no ansae or obvious spiral character.
The lower two frames in Figure 19 show two Virgo Cluster galaxies whose stage is "early" but whose bar is clearly "late." NGC 4389 and NGC 4691 are classified in Table 6 as SB (rs)
, respectively. The "B" in each case is a line of star-forming knots just as in NGC 600 and 4731. The disks, in contrast, are mostly devoid of star formation as would be found in S0/a or Sa galaxies.
The types of bars shown in Figure 18 are rarely, if ever, seen in galaxies of types Scd and later. Because these types of galaxies tend to have a lower average luminosity than S0/a to Sc types (e.g., dVA, Figure 1 .16), we may deduce that the fraction of Figure 18 bars drops precipitously for lower mass disk galaxies. We have excluded from the discussion the bars of Magellanic irregulars that have classifications such as IABm, IB(s)m, etc. The reason is that the bars of such galaxies are often ill-defined, and the large spread in luminosity of Im galaxies means that many members of the class do not have the sophistication of structure needed to support the existence of a bar.
Nuclear Rings, Lenses, and Secondary Bars
Nuclear rings, lenses, and secondary bars are described in this Section as features of the morphology of primary bars. All are dynamically important structures found in the centers of early-to-intermediate type barred galaxies (e.g., Buta & Crocker 1993) . Nuclear rings are especially heterogeneous in their morphological, metric, and starforming characteristics. In some galaxies, a nuclear ring is the site of a starburst, and may be the only place in a galaxy where active star formation is occurring. In optical imaging, a nuclear lens may be interpreted as a quiescent nuclear ring in a non-star-forming phase, although not all nuclear lenses are necessarily dead nuclear rings. Comerón et al. (2010) have provided the most extensive recent study of the morphology and metric characteristics of nuclear rings, and include not only starforming and stellar features in the class, but also dust nuclear rings. The main requirement to be defined as a nuclear ring is proximity of the feature to the nucleus of a galaxy. Also, Comerón et al. (2010) required that the width of the ring is no more than half of its radius. As for inner and outer rings, there can be ambiguity in interpreting nuclear rings, even in some barred galaxies. These ambiguities are discussed in detail by .
Because the centers of intermediate-stage barred spirals can be affected by complex dust patterns, mid-IR imaging is especially useful for seeing the actual structure of nuclear rings, lenses, and secondary bars. Figure  20 shows the mid-IR morphology of the nuclear rings or lenses of 12 S 4 G galaxies. In spite of the emphasis on an older stellar population, the mid-IR morphology of nuclear rings can still display a knotty structure due to intense star formation.
In the CVRHS, nuclear rings are recognized with the symbol (nr). In some cases, an optical nuclear ring appears only as a subtle enhancement at the edge of a lens; these are recognized using the symbol (nrl). Nuclear lenses are recognized with the symbol (nl). Table 6 includes 38 galaxies classified as having an (nr), an (nrl), or a nuclear pseudoring nr ′ , and 33 galaxies as having an (nl). The metric characteristics of these features are provided in Comerón et al. (2010 Comerón et al. ( , 2014 . Note that poor resolution can, in some cases, make a nuclear ring look more like a nuclear lens.
Most of the nuclear ring/lens features shown in Figure 20 are detectable as rings in blue light. Exceptions are the features seen in NGC 1365 and 5383, which appear as nuclear spirals carved by dust in blue light and more like rings in the mid-IR. Even the ring in NGC 1097 is much more spiral-like in blue light (dVA) compared to its very regular, almost circular shape in the mid-IR.
Secondary bars, also commonly known as nuclear bars, are well-known features of early-type barred galaxies (e.g., Laine et al. 2002; Erwin 2004 ). These small features often have a linear scale similar to nuclear rings. For example, NGC 5728 in Figure 20 shows a nuclear bar (oriented roughly horizontally) within its small nuclear ring (seen also in a NIRS0S K s -image; Laurikainen et al. 2011 ). In the CVRHS, nuclear bars are recognized with the notation (nb). NGC 1291 (Figure 12 ) also shows a nuclear bar, but no nuclear ring surrounds this bar. The nuclear bar of NGC 1291 is actually a more prominent-looking feature than the galaxy's primary bar. Table 6 recognizes a definite or possible nuclear bar in 15 galaxies. There are undoubtedly many more present that would be detectable with better resolution.
x1 rings
S
4 G images provide an extinction-free view of a rare type of ring called an "x 1 ring." These are highlyelongated rings which lie within and along a bar. The term x 1 refers to the main family of central orbits that support a bar (Contopoulos & Grosbol 1989) . Regan & Teuben (2004) used numerical orbit calculations to show that inner rings in SB galaxies could be tied to looping 4:1 resonant orbits, and that if a bar is especially strong, shocks in the loops can collect gas into a highlyelongated x 1 orbit within the bar. Star formation in this orbit would then form an "x 1 ring."
Only four possible examples of this type of feature are recognized in the S 4 G catalogue (NGC 4569, 5334, 6012, and UGC 7848). The best example, NGC 6012, is shown in the left panel of Figure 21 (see also Regan & Teuben 2004) . The highly-elongated, slightly miscentered feature extends to a little over half of the bar radius and is brighter at the ends. The galaxy also has a regular inner ring-lens (rl) and a very faint outer pseudoring.
NGC 5334 is an interesting late-type spiral that, in blue light, shows a bar that appears to have centered dust lanes (dVA). However, Figure 21 shows that the split character of the bar is not due to dust, but to a highly-elongated ring-like morphology. This is similar to NGC 6012 and we interpret the feature as another x 1 ring.
The Mid-IR Morphology of Galactic Disks
The considerable depth and dust penetration of 3.6µm S 4 G images provides excellent views of galaxy disks, especially thin disks which may be obscured by planar dust in optical images. In this Section, we examine the mid-IR morphology of highly inclined and edge-on disks, focussing on warps, embedded disks in 3D systems, thick disks, and other special cases.
Warped and Flared Disks
Warped disks are easily recognizable in many S 4 G galaxies (see also Saha et al. 2009 ). Warping can appear as an edge-on disk twisted into an integral sign shape. The inner thin disk may be perfectly flat, while the outer parts of the disk bend in opposite senses from one end of the major axis to the other. Kinematically, a warp can be described in terms of circular orbits having a radiusdependent inclination and line of nodes position angle (e.g., Briggs 1990) .
Since warps are most easily recognized in edge-on galaxies that would be classified as spindles ("sp"), the CVRHS recognizes warps using the notation "spw". Disk warping may be caused by a bending instability (Binney & Tremaine 2008) , among other possible explanations (e. g., Radburn-Smith et al. 2014 ). An up-to-date review of the theory of warps is presented by Sellwood (2013) .
Four S 4 G galaxies having obvious warps are shown in Figure 22 . These are selected merely as good examples that are well-resolved in S 4 G images. NGC 522 is an edge-on galaxy whose mid-IR thick disk structure has been studied by Comerón et al. (2011a) . The galaxy is classified as type Sbc in RC3, but in the mid-IR it appears almost smooth enough to be classified as type S0. A subtle knottiness along the thin disk component favors a later type. The image shows strong warping and a subtle X in the central area that may signify the presence of a bar.
NGC 5084 shows a thin disk that flares within the prominent bulge region, and then bends farther out. No planar dust is present in the thin disk as seen in an SDSS color image, and thus optical and mid-IR images provide similar views of the galaxy's structure.
NGC 5403 shows a bright thin disk embedded within a flattened spheroidal component. The thin disk bends and flares at large radii. An SDSS color image shows that the galaxy has a strong planar dust lane and is likely almost exactly edge-on.
UGC 10043 is an exceptional example with strong warping and a central bulge with an interesting peculiarity: inside the roundish region, the isophotes are elongated perpendicular to the inner disk. The appearance suggests that the inner part of the bulge has a prolate shape. This galaxy was recently studied in detail by Matthews & de Grijs (2004) , who concluded the galaxy may have experienced an accretion or merger event that can account for some of its unusual characteristics, such as the warped disk. 
Embedded Disks in Three-dimensional Early-Type Galaxies
The S 4 G sample includes numerous examples where a clear highly-flattened disk-shaped system is embedded in a more three-dimensional early-type system. Such systems have been known for a long time, and highlight how some disks appear to be "living within an elliptical" [or how some bulges are "ellipticals living within a disk" (e.g., Kormendy & Kennicutt 2004) ]. The mid-IR provides a dust-penetrated view of these interesting systems that highlights how thin disks can fill, overextend, or underextend the 3D systems they are embedded within. Figure 23 shows a sampling of examples of these kinds of cases beginning with NGC 3377, a normal "disky elliptical" galaxy [type E(d)4, Kormendy & Bender 1996] . The disk in NGC 3377 is very subtle, featureless, purely stellar in nature, and possibly not exactly edge-on. The presence of the disk was quantitatively established by Jedrzejewski (1987) , who showed that the cos 4θ relative Fourier deviation from perfect ellipses is positive across a wide range of radii in this galaxy.
NGC 681 is very similar to NGC 3377, except that the disk appears to be a nearly edge-on late-type spiral. The published classifications of NGC 681: SAB(s)ab sp (RC3) and Sab (Sandage & Tammann 1981 ) seem inadequate to describe this galaxy. It is not clear that NGC 681 is merely an early-type spiral galaxy with a large bulge. The disk part of NGC 681 is a clear late-type spiral with a high degree of knottiness and star formation. The logarithmic, background-subtracted display shows that the embedded disk neither greatly overfills nor underfills the 3D component, but fades to a similar extent.
In Table 6 , embedded disk systems such as NGC 681 are classified generally in a two-part manner. The 3D early-type component is usually denoted with "E" because of appearance only, not because these components necessarily have r 1 4 luminosity profiles. For example, NGC 681 is classified in Table 6 as SA:(s:)bc sp / E(d)3, where the E(d)3 refers to the 3D component as a "disky elliptical" (using Kormendy & Bender 1996 notation) . The adopted classification in Table 6 recognizes both the similarity to NGC 3377 and the greater significance of the embedded disk.
Very similar to NGC 681 is NGC 3683, whose disk is less edge-on and has a somewhat smaller bulge. It also is embedded in an E3 background. The Phase 1 and 2 classifications in Table 2 disagree on the presence of a bar in this galaxy; the mean classification of SAB(s)bc sp / E3 is an average of SA and SB. NGC 5078 is another example, but the embedded disk is more edge-on; its average type is S(r:)b sp / E5. The lack of a "(d)" in these two cases [as in E(d)5] only means that the outer isophotes of the E5 part are neither pointy nor boxy as judged visually in a color display, although the inner isophotes would be disky.
Related to these is the remarkable case of NGC 3675, where the embedded disk is far from edge-on and its structure is clearly visible. The Phase 1 classification recognizes two outer pseudorings, but only the inner one is well-defined and was also recognized in Phase 2. The final classification is (R ′ ,R ′ )SA(ls)b / E4, recognizing an inner lens with a faint spiral pattern. The main outer pseudoring is about twice the diameter of the inner lens and bright spiral structure breaks from it to larger radii, forming another outer pseudoring. The diskiness of the E4 isophotes is not evident because the disk inclination is so low.
Like NGC 681, NGC 3683 and 5078 are cases of comparable extent embedded disks, where the disk appears to nearly fill the detectable outer isophotes of the 3D component. Also shown in Figure 23 are cases of what we will call "limited extent disks," where an edge-on disk appears to fade well within the bright bounds of the 3D component. An excellent example is NGC 4370, where the embedded disk is so small it was classified as a nuclear disk in Phase 2. Phase 1 also recognized boxy outer isophotes of the 3D component. The adopted average classification is S0 −/o sp / E(b,nd)4. An interesting aspect of NGC 4370 is the slight misalignment between the inner disk and the outer, boxy isophotes. A galaxy similar to NGC 4370 is described by Graham et al. (2012) .
NGC 3115 is the well-known example originally classified by Hubble (1936) as type E7. It was reclassified as S0
− sp in RC3 and as S0 1 (7)/a by Sandage & Bedke (1994) . Although the morphology of NGC 3115 in the mid-IR hardly differs from its morphology in blue light, it is a good example to compare with the other embedded disks illustrated in Figure 23 . The bright thin disk appears to fade well before it fills the major axis of the 3D component. In this case the outer isophotes of the 3D component are not obviously disky, and the classification adopted in Table 6 is S0 − sp / E5-6. NGC 1546 is an example where a non-edge-on embedded disk includes a lightly patchy pair of closely spaced rings. The outer isophotes of the 3D component are slightly boxy. This was recognized in both the phase 1 and 2 classifications, and the average classification is (R ′ )SA(r)a / E(b)3-4. We have already noted a similar embedded disk ring/lens in NGC 1553.
IC 5170 is a case where what appears to be an abruptly terminating edge-on disk is embedded within a boxy 3D component. The mean Phase 1 and 2 type is S0/a spw / E(b)5. NGC 4634 (Figure 24) shows a similar sharply ending limited extent thin disk embedded in a larger, boxy zone.
IC 51 is a very unusual case where the embedded disk is not settled within the projected major axis of the rounder background component. In this case, the background component could be a more face-on disk, and IC 51 would be an example of a polar ring galaxy where only the disrupted disk is seen edge-on. The Table 6 classification is SA(s)b sp / SA0 o (PRG?). IC 51 is also listed as a "good candidate" for a polar ring galaxy by Whitmore et al. (1990) .
The final example in Figure 23 is NGC 4384. The inner part of the galaxy is a clear SB(rs)dm type with virtually no bulge. This appears embedded in a smooth, relatively uniform background interpreted in both Phase 1 and Phase 2 as an outer lens (L).
Thick Disks
Thick disks are an important morphological feature in many S 4 G galaxies, especially among late-type systems with little bulge contribution. A thick disk is defined to be a highly-flattened component with a vertical scale height a few times larger than that of the thin disk (Comerón et al. 2011a ). Because of the considerable depth of S 4 G images and the almost negligible impact of extinction, thick disks are very prominent and are especially made visible with the logarithmic display that we use. S 4 G images allow us to see the relation between thick and thin disks only minimally affected by extinction of the thin component. Figure 24 shows five S 4 G galaxies having well-defined but typical thick disks. The features have a range of morphologies. For example, the thick disks of NGC 5470, NGC 4217, and UGC 7522 are pointed ovals at the faintest light levels detected, which may not be unusual except for the fact that some thick disks are either more elliptical than pointy at the ends [as in IC 2135 (bottom frame, Figure 24) ] or are even boxy [as in NGC 4634 (middle frame, Figure 24) ]. Each galaxy in Figure 24 has a two part classification as described in Section 3.3. The thick disk is treated as a highly elongated disky, boxy, or plane elliptical feature using Kormendy & Bender (1996) notation.
Notes on several of the galaxies in Figure 24 : NGC 4217 is classified as an edge-on Sb spiral in RC3, but the 3.6µm image shows only a small central concentration, more characteristic of Sc than Sb. The starforming disk is very thin, and is embedded in a thick disk. The galaxy appears to be an Sc embedded in an E6-7 thick disk [ Table 6 classification: Sc sp/ E(d)6-7], and is exactly edge-on. The inserts in Figure 24 for NGC 4217 show how the shape of the fainter isophotes changes with decreasing surface brightness.
NGC 5470 is an almost exactly edge-on disk galaxy also classified as type Sb in RC3. In the mid-IR, however, NGC 5470 is a completely bulgeless, pure disk galaxy that shows an S0-like appearance. The Table 6 It is possible that NGC 5470 would be less S0-like in a higher resolution mid-IR image. The E(d)8 part of the classification strictly recognizes the highly flattened thick disk with a strong pointed oval shape.
NGC 4634 is a member of the Virgo Cluster and shows a thin planar dust lane in blue light. The boxiness of its thick disk could be an environmentally driven product. Kormendy & Bender (2012) have interpreted the broad boxy zone outside the edge-on S0 galaxy NGC 4638, also a Virgo Cluster member, as possibly being a thick disk environmentally flared by harassment from cluster encounters. NGC 4634 is classified in Table 6 as Sd sp / E(b)7-8. Like NGC 5470, the 3.6µm image of NGC 4634 shows little or no central concentration. Also, the thin disk in this case has limited extent.
Extraplanar Disks
An extraplanar disk in a galaxy is a catastrophicallyacquired disk where the material lies in a different plane from the disk of the receiving galaxy. The best-known extraplanar disks are polar rings, where a small gas-rich companion is disrupted into a polar orbit around a more massive S0 galaxy (Schweizer, Whitmore, & Rubin 1983 ). An inclined ring is an extraplanar disk where a companion has been disrupted along a lower inclination orbit. Inclined and polar ring galaxies are most easily recognized when both the receiving disk and the extraplanar disk are nearly edge-on (Whitmore et al. 1990) .
Galaxies showing extraplanar material in the form of an inclined disk or ring have been of great interest for studies of disruptive encounters, merger histories, and the shapes of dark matter halos (e.g., Casertano et al. Figure 25 . Three of these (NGC 660, 2685, and 5122) were already known from optical observations, and we have already described IC 51. Whitmore et al. (1990) show how detection of polar ring galaxies, where the extraplanar disk is oriented at nearly 90
• to the main disk (typically an S0 galaxy), depends strongly on viewing geometry.
NGC 660 is interesting in that in blue light, the main disk shows an aligned dust lane that is at an angle to a second dust lane. It was classified as a polar-ring galaxy (PRG) in Phase 1 (paper I), but here we prefer the term "inclined ring galaxy" (IRG) since the extraplanar material in cases like NGC 660 is not necessarily oriented orthogonally to the main disk (van Driel et al. 1995) . The S 4 G 3.6µm image of NGC 660 reveals an interesting characteristic: a broad X pattern flanked by two bright ansae. This indicates that the main component of NGC 660 has a bar (see also Luetticke et al. 2004) .
The well-known extraplanar material in NGC 2685 is seen in the 3.6µm image as a small tipped partial ring of knots. This has been interpreted as part of a ring at a large angle to the main stellar object. Józsa et al. (2009) argue that there are indeed two disks of different orientations in NGC 2685, but the second disk (which has the bulk of the HI) is extremely warped in the inner regions and appears extraplanar as a result. NGC 2685 is likely not a classical polar ring galaxy.
NGC 5122 (lower left panel of Figure 25 ) shows a clear edge-on polar disk and is the best example of a polar ring galaxy in the catalog. Whitmore et al. (1990) argue that for every case like this in a sample, there should be a few where the orientation of the two disks is far enough from edge-on that the object could masquerade as a relatively normal-looking system. NGC 6870, shown in Figure 25 , could be such a case. The galaxy shows a bright inner, highly tilted (but not edge-on) disk that seems to have less inclined material crossing just inside the ends of the inner disk, giving the galaxy the subtle appearance of a hat. NGC 4772 (Figure 26 ) is a galaxy that, in blue light, shows a bright bulge in the center of an odd ring with strong near-side extinction. (This can be seen in the lower right panel of Figure 26 , which shows a g − [3.6] color index map of the galaxy.) The extinction suggests a substantial inclination, but the faintest outer 3.6µm isophotes of the galaxy (shown in the upper left frame of Figure 26 ) are much rounder than the ring and imply an inclination of less than 40
• . This outer light has the morphology of an R ′ 1 outer pseudoring relative to a broad oval which is shown at twice the scale in the upper right panel of Figure 26 . An unsharp-masked version of this image shows a very thin, regular ring with no hint of excess star formation around its major axis. If the ring were coplanar with the broad oval, it would likely show such an excess (e.g., Crocker et al. 1996) . The implication is that the R ′ 1 outer pseudoring and the larger oval are part of one disk, while the inner ring could be part of a second disk that is not coplanar with the first one. The bulge in NGC 4772 is significant and largely spherical, making it unlikely that the inner ring is intrinsically oval.
As noted by Whitmore et al. (1990) , the only way to prove that a specific case is a genuine PRG or IRG is to make kinematic observations. Haynes et al. (2000) observed NGC 4772 in HI and found that the galaxy has two somewhat kinematically decoupled HI rings of different shapes and position angles (associated with the R ′ 1 outer pseudoring and the inner ring). From the velocity field, these authors concluded that the galaxy has suffered a minor merger.
NGC 4772 demonstrates how comparisons between op-tical and mid-IR images can lead to candidates for extraplanar disks that we know have to exist, but which are overlooked due to unfavorable orientations of the disks.
4.5. Late-type and Spheroidal Galaxies The Virgo Cluster is well-represented in the S 4 G database. Included in the sample are objects that were classified by Binggeli, Sandage, & Tammann (1985) as dwarf elliptical (dE) and dwarf S0 (dS0) galaxies. Kormendy (2012) reviews the evidence that dE and dS0 galaxies are environmentally-modified, bulgeless extreme late-type galaxies whose existence favors reconsideration of the old van den Bergh (1976) "parallel sequence" idea (see also Laurikainen et al. 2011; Cappellari et al. 2011) . For historical reasons, Kormendy collectively calls these objects "spheroidals" (Sph), although the term is not meant to imply anything about intrinsic shapes. This conclusion is based on effective parameter correlations (effective surface brightness µ e and effective radius r e versus absolute V -band magnitude, for example) which revealed that dE and dS0 galaxies occupy areas where irregular galaxies and very late-type spirals are found. Genuine dwarf ellipticals, like M32, are much rarer than Sph galaxies, and the S 4 G sample, in fact, includes no genuine dwarf elliptical galaxies.
The connection between irregulars and Sph galaxies seems evident in S 4 G images. Because the effects of star formation are reduced, a B-band irregular galaxy can look like a dE or dS0 galaxy at 3.6µm. An example is NGC 3738, shown in Figure 27 . In Table 6 , the galaxy is classified as dIm (dE) / Sph, indicating it has a bright background that resembles a dE galaxy. Such a galaxy, if environmentally modified, would probably look very much like a Virgo Cluster dE or dS0. We use "/ Sph" to indicate a likely connection. Figure 27 shows several other examples. NGC 4328 shows a clear inner lens but no bar, while NGC 4506 shows a very faint, low luminosity spiral, embedded in both cases in an Sph background.
Kormendy (2012) also shows that higher-luminosity Sph galaxies are bulgeless S0s. Two galaxies likely to be related to these are NGC 4064 and 4312 (Figure 27 ). NGC 4312 is a definite member of the Virgo Cluster while NGC 4064 is a likely member. Both appear highlyinclined and show a narrower elongation in the inner regions that could be interpreted as a bar. The appearance of these galaxies at 3.6µm favors an early CVRHS stage, yet both appear largely bulge-less. These could be environmentally-modified late-type galaxies. This result is similar to what was found by Laurikainen et al. (2010) , where some S0s from the NIRS0S were shown to have very small bulges and were presented as evidence in support of the parallel sequence classification. Figure 28 shows four similar low-luminosity non-Virgo Cluster members, each of which has a similar projected outer isophotal shape and a narrower brightness enhancement along the major axis. In NGC 4248, the isophotal differences between the inner and outer regions seem obvious; the same is true for ESO 419−13. In both cases, the inner elongation is parallel to the background major axis. While the inner zones could be bars, another interpretation is that these galaxies are edge-on Im galaxies embedded in a 3D background Sph. ESO 357−25 and ESO 359−29 appear related to these two objects but the central "stripe" is less well-defined. Kormendy's conclusion concerning dE and dS0 galaxies has been challenged by Graham (2013 and references therein) as being due to the misleading nature of nonlinear parameter correlations. Plotted in a different way, regular ellipticals and dE and dS0 galaxies do not necessarily divert from a smooth connection to more luminous ellipticals.
The Mid-IR Morphology of Spiral Arms
The morphology of spiral structure in the mid-IR is of great interest for several reasons: (1) the mid-IR reveals the underlying stellar density enhancements associated with the arms, allowing a more reliable judgment of the significance of the spiral to the overall dynamics and evolution of a given disk galaxy; (2) the minimallyextinguished view of spiral arms provided by mid-IR imaging allows not only the true character of the arms (such as pitch angle and relative amplitude) to be meaured, but also all star-forming regions associated with the arms will be seen, including those which may have been heavily obscured; and (3) like the classification of bars, the classification of spiral arms in the mid-IR should be more reliable than in blue light.
In this Section, we examine the morphology of spiral arms using arm classifications that are independent of CVRHS classifications, and also look more closely at a few examples of extreme spiral structure in the S 4 G.
Arm Classifications
Arm classifications for galaxies are based on the symmetry, continuity, and number of spiral arms. Arm Classes are distinct from the Hubble and de Vaucouleurs classifications in that they are independent of the pitch angle or bulge/disk ratio. Elmegreen (1981) introduced the term "flocculent" to describe galaxies with short spiral arm pieces, in contrast to the Lin & Shu (1966) grand design spirals with long symmetric spiral arms. Multiple arm galaxies fall in between these extremes but are more similar to grand design galaxies, with inner two-arm symmetry branching to many long arms. Elmegreen & Elmegreen (1982) devised a 12-point classification system that examined nuances of these structures. Arm classes from B-band images were determined for over 700 galaxies based on the Palomar Observatory Sky Survey and high resolution atlas images (Elmegreen & Elmegreen 1987) .
The physical nature of flocculent, multiple arm, and grand design galaxies is revealed through a comparison of blue and near-IR (I-band) spiral arm strengths, in which the contrast between arm and interarm regions is essentially the same in the B-and I-bands for grand design and multiple arm galaxies but not for flocculent galaxies. Also, the arm amplitude is stronger in grand design galaxies (Elmegreen & Elmegreen 1984) . The underlying mechanism that explains global symmetry in the grand design and multiple arm galaxies is a density wave, which flocculent galaxies appear to lack in blue light.
Previous studies of 2µm images, which like IRAC images are less affected by dust extinction than optical images, showed that sometimes an "optically flocculent" spiral pattern looked grand design in the near-IR. Four examples of this, including NGC 5055, were studied by Table 1 ). Thornley (1996) , and NGC 253 and 7217 are two more examples described in the dVA. Paper I compared Bband and 3.6µm images of the well-known opticallyflocculent spiral NGC 2841, showing that it also has an underlying stellar grand design spiral.
To help elucidate whether underlying disks might contain an obscured density wave pattern, arm classifications were extended to 3.6µm by Elmegreen et al. (2011) in 46 S 4 G galaxies; most did not change their Arm Class going from B-band to 3.6µm. Spiral arm properties were studied through measurements of symmetric components, arm-interarm amplitudes, and Fourier transforms. As for the B-band images, the 3.6µm images showed stronger Fourier components and stronger arm amplitudes in grand design and multiple arm galaxies than in flocculent galaxies.
Arm classifications are now extended to the full sample of S 4 G galaxies in Table 9 , where flocculent, multi-arm, and grand design morphologies are symbolized using F, M, and G, respectively. These classifications are given only for 1114 S 4 G spiral galaxies that are not too inclined to make the arm class indistinguishable, and are listed also in the notes to Table 6 . The classifiable subsample contains 50% flocculent, 32% multi-arm, and 18% grand design cases. While flocculent galaxies tend to be late-type, the arm classes span the range of CVRHS spi-ral stages. Of these galaxies, 317 are in common with galaxies for which a B-band arm class was previously published. A comparison of the classifications showed that 60% of the galaxies have the same Arm Class going from B-band to 3.6µm, 28% changed from flocculent to multi-arm or multi-arm to grand design, and 9% changed from grand design to multi-arm or multi-arm to flocculent. Only 2 galaxies (NGC 3381 and NGC 5383) changed from grand design to flocculent going to 3.6µm; 7 galaxies changed from flocculent to grand design (NGC 1068, 3310, 3982, 4413, 4750, 7714, 7727) . In all cases, the IR images have deeper exposures and better resolution (and less dust extinction) than the B-band images, so more structure is revealed.
Extreme Spirals
Arm classifications are a useful way of distinguishing different classes of spiral patterns, but like any aspect of galaxy structure, there are extremes even among these classes. In a large survey of galaxy images, there is a high probability of finding unusually strong examples of some aspects of galaxy morphology. One is the extremely oval inner rings recognized by Buta (2014) in the EFIGI SDSS optical galaxy sample (Baillard et al. 2011 ). These are SB rings which have an intrinsic minor-to-major axis ratio of ≤0.5 compared to the average of 0.81±0.06 (Buta 1995) . Here we bring attention to "extreme spirals."
An "extreme spiral" is a grand design spiral having apparently large amplitude spiral arms of high pitch angle, and often showing so little background disk light that it is difficult to determine the orientation parameters of the system. Given the depth of S 4 G 3.6µm images, such systems are worthy of further investigation to determine how they form and how their properties differ from more normal spirals; most may be tidal in origin. We do not have a quantitative formal definition of such galaxies. They are merely recognized as being unusually strong and open compared to more average grand-design spirals. Figure 29 shows six prominent examples from the S 4 G database:
NGC 3187 -This galaxy is a member of a small group including NGC 3185, 3190, and 3193. One arm remains perpendicular to the apparent bar to a very large radius. The arms could be driven by an interaction, or, more likely, are due to the bar but perturbed by an interaction.
NGC 4488 -This Virgo Cluster galaxy has a strong and highly unusual boxy bar-like zone from which two smooth and open arms emerge. It is not clear whether the arms and the apparent bar are coplanar features. Graham et al. (2012) have also noted a "bow-tie" aspect of the boxy zone of NGC 4488, and suggest the apparent arms may be due to an interaction.
NGC 4572 -This galaxy is a strong candidate for an extremely warped disk with considerable extraplanar material. The galaxy has a small nearby companion, and also has a similar redshift to that of a bright nearby elliptical galaxy, NGC 4589. Alternatively, it could be simply a strong tidal spiral, due to its possible local interaction. The Table 6 classification, Scd sp-superw?, brings attention to the warped disk possibility.
NGC 4731 -This appears to be an extreme late-type barred spiral. The bar is thin and likely is also flat (see also Figure 19 ). The spiral arms, however, are very open (s)d, but the "B" and the "(s)" were nothing more than inferences based on the asymmetric shape. Burbidge, Burbidge, & Prendergast (1964) argued that no more than a type of Sc could be justified. Now, however, as we show in Figure 30 , there is very likely a bar in NGC 4631 that is vertically thin. The feature was not clearly distinguishable in blue light. In Table 6 , the adopted mid-IR classification is SB(s)d sp pec, confirming de Vaucouleurs's original interpretation.
The morphological aspects de Vaucouleurs used to assess the type of NGC 4631 can be used for other galaxies. For example, NGC 55 ( Figure 30 , top frame) is an almost edge-on late-type spiral classified as type SB(s)m sp in RC3. The galaxy is almost exactly edge-on, yet there is little doubt as to its classification. The brightness enhancement on the west side is likely to be a bar, and the asymmetric extension from this area is likely to be the single main spiral arm that is characteristic of type SB(s)m (de Vaucouleurs & Freeman 1972) . (The mean mid-IR classification for the galaxy in Table 6 is SAB(s)m sp.) In Figure 30 , PGC 43970 is another example of an edge-on galaxy that is likely to be a highly inclined SB(s)m Magellanic spiral. Many SAB/SBdm and SAB/SBm S 4 G galaxies have been recognized in this manner. When recognized in the edge-on view, there is an indication that Sm,Im galaxies may be less flattened than, for example, Sd galaxies. The S 4 G provides an phasis on these galaxies stems partly from the volumelimited nature of the survey, and partly on the fact that an HI radial velocity was used as a selection criterion. 5. Also within the adopted inclination limit, the barred CVRHS classification fraction, f (F ≥ 0.5), in the S 4 G depends on mid-IR type. For spiral galaxies in the mid-IR type range Scd-Sm, the fraction is f (F ≥ 0.5) = 81.0±2.0%, while over the type range S0/a to Sc, the fraction is f (F ≥ 0.5) = 55.0± 2.2% When examined further on a type by type basis, it appears that much of the drop for the S0/a to Sc subsample occurs for stages Sbc-Sc. This drop does not appear to be present when Bband RC3 classifications are used for the same galaxies, and may be linked in part to the "earlier effect" in mid-IR classification where S0/a to Sc galaxies in blue light shift by ≈ one stage interval on average when classified in the IR, while later B-band types do not.
The bars in mid-IR S0/a to Sc galaxies are typically not the same kinds of features as those in Scd-Sm galaxies. It is mainly the earlier type galaxies that show bars having 3D box/peanut/X patterns, stellar ansae, or "barlenses." The bars in the later type spirals are often linear chains of star-forming regions that are both azimuthally and vertically thin. This dichotomy in bar character has been known for a long time (e.g. Elmegreen & Elmegreen 1985) , and because the distinction is important for estimates of the cosmologically significant bar fraction (Sheth et al. 2008 (Sheth et al. , 2014a we defer the main discussion of the actual S 4 G bar fraction (as opposed to the visual barred family classification fraction) to Sheth et al. (2014b) . 6. (s)-variety spirals average at a much later mid-IR stage (Scd) than do ring-lens variety spirals (S0 + to Sa). Outer pseudorings are seen on average in Sb-Sbc galaxies compared to S0
+ to S0/a for outer rings and lenses. The inner ring-lens fraction drops rapidly with advancing mid-IR stage. 7. Sph galaxies are well-represented in the S 4 G, although not all may have been recognized as such because these galaxies are best-defined using parameter correlations. Dwarf irregulars can show a regular elliptical background at 3.6µm, and some early-type disk galaxies are actually bulgeless. These galaxies have been found by Kormendy & Bender (2012) to have a natural "home' in a parallel sequence among extreme late-type galaxies. S 4 G morphology supports this interpretation. 8. Grand design patterns are found in less than 20% of the classifiable spiral galaxies in the S 4 G catalogue. The most common arm type is flocculent, owing to the sample emphasis on Scd-Sm stages. 9. The S 4 G sample includes many galaxies and morphological features worthy of follow-up studies. By "followup studies," we mean more detailed investigations of structure, such as using mass maps to approximate gravitational potentials, obtaining kinematic data, and correlating mid-IR structure with galaxy structure in optical and ultraviolet wavebands. Many follow-up studies have been made by the S 4 G team as listed in Section 1. We have highlighted special cases of interest, and have in particular emphasized the numerous examples of apparently embedded disks in 3D early-type systems.
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The partial Phase 3 analysis was used as follows. Table 5 gives σ <1,2>3 = σ(∆T <1,2>3 ) = Σ(T3−<T >) 2 N −1 , where T 3 is the Phase 3 stage index and < T > is the mean of the Phase 1 and 2 stages in Table 6 . The idea is to derive σ(T 3 ) and compare it with σ(T ) from the Phase 1 and 2 analysis alone (Col. 2 of Table 5); we should find that σ(T 3 ) ≈ σ(T ) if the classifications are consistent. For this purpose, we derive σ(T 3 ) = σ(∆T <1,2>3 ) 2 − σ(< T >) 2 . This gives σ(T 3 ) = 0.69 of a stage interval, very similar to σ(T ) = 0.74 from the Phase 1 and 2 analysis alone. This supports our Phase 1,2 estimate of σ(< T >) = 0.5 stage interval and suggests that while the half-step underline stage classifications are only marginally significant, it is still worth retaining them.
The partial Phase 3 analysis also supports our Phase 1,2 assessment of the significance of the underline family classifications SAB and SAB. Setting ∆F <1,2>3 = F 3 − < F >, we derive σ(F 3 ) = 0.79 of a family interval compared to 0.68 of a family interval for Phases 1 and 2 alone (Table 5 ). This supports our Phase 1,2 estimate of σ(< F >) = 0.5 family interval, indicating that the CVRHS sequence SA, SAB, SAB, SAB, and SB is more internally significant than half-step stages.
For both inner and outer varieties, the internal standard deviations for the partial Phase 3 analysis are similar to those of the mean Phase 1,2 classifications. Table 5 gives σ(IV 3 ) = 1.19 variety intervals compared to σ(IV ) = 0.82 of a variety interval from Phases 1 and 2 alone. This is reasonable agreement considering the size of the Phase 3 sample compared to the Phase 1,2 sample. As for stages, the underline inner varieties also have marginal significance on the whole, but are still worth retaining in Table 6 because of the very good correlation for the standard inner varieties (s) to (r). The same approach to outer varieties gives σ(OV 3 ) = 1.29 outer variety intervals, which agrees well with σ(OV ) = 1.27 from the Phase 1,2 analysis in spite of the much smaller sample. Consistent classification of outer features appears to be more difficult than for stage, family, and inner variety, but nevertheless σ(< OV >) = 0.90 (Table 5 ) supports the marginal significance of the multiple categories used. (Table 10 ) and the mean classifications from Phases 1 and 2 given in Table 6 . In (a) and (b), the comparisons use the numerical codes listed in Table 3 . In (c) and (d), the comparisons use the letter classifications instead. Error bars are standard deviations in the system of the Table 3 codes in each case. The number N in each panel is the number of features and includes multiple features in some cases. The number in each category is also given to show that the dominant classifications are "(s)" for inner variety and "none" for outer variety. 
